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ABSTRACT 
 
CHANGES IN HIV/AIDS KNOWLEDGE, ATTITUDES AND BEHAVIORS IN 
MALAWI 
 
Theresa M Fedor 
 
Hans-Peter Kohler 
 
The three chapters of this dissertation collectively assess how HIV/AIDS 
knowledge, attitudes are behaviors are changing in Malawi. The first chapter assesses 
how married individuals use knowledge of HIV status to make behavioral changes to 
reduce HIV risk or make decisions about divorce. Instrumental variable models 
controlling for selection into HIV testing are estimated using data from the Malawi 
Longitudinal Study of Families and Health (MLSFH). Results indicate that knowledge of 
HIV status does not affect chances of divorce but does reduce the number of reported 
sexual partners among HIV-positive respondents, and increases reported condom use 
with spouses for both HIV-negative and HIV-positive respondents.  
The goals of the second and third chapters are to dig beneath behavior itself and 
look at how potential behavioral changes are motivated, as well as how basic HIV 
knowledge has changed. Chapter 2 examines ways that HIV prevention efforts may have 
changed beliefs and attitudes towards HIV risk and HIV prevention, in particular 
attitudes towards a woman’s right to protect against HIV risk. Using MLSFH data, I 
compare participants and non-participants in a program providing extensive HIV 
counseling and testing. Results suggest that participants are more likely to believe that 
women have the right to take steps to protect themselves from HIV risk, are less likely to 
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be extremely worried about HIV infection, and are more likely to think condom use is an 
acceptable means of protection against HIV.  
Chapter 3 explores how individuals update knowledge of HIV/AIDS transmission 
and prevention over time in Malawi. HIV knowledge uptake could potentially be 
different according to an individual’s age, the time frame in which an individual was 
born, or could be changing predominately over time for all individuals (age, period or 
cohort). Using Demographic and Health Surveys Data for Malawi in cross-classified 
random effect age-period-cohort models, I find that period effects dominate over cohort 
or age effects, meaning that knowledge of effective HIV prevention tactics has increased 
most strongly over time, net of age and birth cohort effects.  
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INTRODUCTION 
  The three chapters of this dissertation collectively assess how HIV/AIDS 
knowledge, attitudes are behaviors change for individuals and for the broader population 
in Malawi, a high HIV prevalence country in sub-Saharan Africa. The first chapter, “The 
Impact of Married Individuals Learning HIV Status in Malawi: Divorce, Number of 
Sexual Partners, Condom Use with Spouses,” assesses how married individuals use 
knowledge of their HIV status to make behavioral changes and decisions about divorce. 
The goals of the second and third chapters are to dig beneath behavior itself and look at 
how potential behavioral changes are motivated, how HIV transmission and prevention 
knowledge has changed, and other consequences of the HIV epidemic and HIV 
prevention. In order for someone to be willing to change their behavior they must first 
have adequate knowledge of how HIV is transmitted and how to reduce HIV risk. 
Second, they must believe and accept information about HIV and HIV prevention, which 
may be at odds with existing traditional beliefs making it difficult for individuals to 
change or replace beliefs that are deeply rooted in existing cultural and personal 
practices. Finally, these changing beliefs must also be normalized and accepted enough 
on a collective scale to make behavioral changes feasible for individuals.   
Chapter 1 assesses how knowledge of HIV status gained through HIV testing and 
counseling (HTC) by married individuals affects divorce, the number of sexual partners 
and the use of condoms within marriage. This study improves upon previous studies on 
this topic because the randomized incentives affecting the propensity to be tested for HIV 
permit control for selective testing. Instrumental variable probit and linear models are 
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estimated, using a randomized experiment administered as part of the Malawi 
Longitudinal Study of Families and Health (MLSFH). The results indicate that 
knowledge of HIV status (1) does not affect chances of divorce for either HIV-negative 
or HIV-positive respondents; (2) reduces the number of reported sexual partners among 
HIV-positive respondents, and (3) increases reported condom use with spouses for both 
HIV-negative and HIV-positive respondents. These results imply that individuals actively 
respond to information about their HIV status that they learn during HTC, invoking 
protective behavior against future risk of HIV/AIDS for themselves and their actual and 
potential sexual partners. Some limitations of this study are a small sample size for those 
who are HIV-positive and dependence on self-reported sexual behaviors. Therefore some 
results should be interpreted cautiously. 
In chapter 2, I examine ways that HIV prevention efforts may have changed 
beliefs and attitudes towards HIV risk and HIV prevention, in particular attitudes towards 
a woman’s right to protect against HIV risk. A fair amount of pessimism exists 
concerning the effectiveness of behavioral interventions and educational programs in 
response to the HIV/AIDS epidemic in sub-Saharan Africa. This is largely because it is 
often quite difficult to measure the positive effects of such programs. In this paper, I 
propose that even in programs that do not find large behavioral changes in response to 
prevention programs, there may still be unobserved benefits in the form of changing 
attitudes and beliefs toward HIV and HIV prevention, essential precursors to wide-scale 
behavioral changes and a potential indicator of longer-term program effects. Furthermore, 
there may be even more nuanced changes in attitudes towards sexual relationship and a 
woman’s right to protect against HIV infection that are changing over time due to HIV 
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prevention programs. I compare randomly selected participants with non-participants, 
both before and after a program providing extensive HIV counseling and testing in 
Malawi. Results suggest that participants are more likely to believe that women have the 
right to take steps to protect themselves from HIV risk, are less likely to be extremely 
worried about HIV infection, and are more likely to think condom use is acceptable to 
protect against HIV.  
Finally, chapter 3 explores how individuals update their knowledge of HIV/AIDS 
and HIV/AIDS prevention over time in Malawi. HIV knowledge uptake could potentially 
be different for different individuals. These differences may be operating through the 
individual’s age, the time frame in which an individual was born, or could be changing 
predominately over time for all individuals. One might expect individuals to increase 
knowledge simply as they get older and have more time to access available information. 
Furthermore, individuals of all ages may be becoming more informed about HIV at a 
relatively equal pace from year to year, implying that uptake in knowledge is increasing 
over a period of time. Alternatively, individuals may change their beliefs and update their 
knowledge unevenly, especially as it relates to sexual behavior and intimate relationships. 
Younger birth cohorts may be more likely to accept new knowledge while older birth 
cohorts may be more reluctant. The goal of this chapter is to address whether HIV 
knowledge is changing over time in Malawi more strongly by period of time, by birth 
cohort or simply by age. I use Demographic and Health Data (DHS) for Malawi in cross-
classified random effect age-period-cohort (APC) models, as developed by Yang and 
Land (2013). I find that period effects dominate over cohort or age effects, meaning that 
knowledge of effective HIV prevention tactics has increased most strongly over time 
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across all ages and birth cohorts. Knowledge of HIV prevention tactics also increases 
steadily and modestly with age but I do not find a strong cohort trend in increased HIV 
prevention knowledge, meaning that this increase in knowledge over time is not 
differentially disseminated or accepted according to the age of an individual at a certain 
point in time. Any differences in knowledge access and acceptance according to birth 
cohort are not large enough to dominate over general increases in knowledge occurring 
across the period of time observed.  
Collectively, these papers add insight into behavioral changes with regard to HIV 
prevention and ways in which HIV prevention information changes and is adopted by 
individuals. The policy implications for all of these papers, separately and taken together, 
are quite useful and interesting. The first paper addresses the degree to which voluntary 
counseling and testing can result in HIV prevention behavior in the context of marriage, 
thereby informing the counseling process for married individuals. The second paper gives 
some insight into how in-depth counseling could potentially benefit HIV prevention 
efforts, specifically in terms of shifting attitudes and beliefs towards a woman’s right to 
make decisions about how to protect herself against HIV risk. The third chapter gives 
important insight into which groups (according to age or birth cohort) in the population 
may be at a disadvantage in receipt of HIV transmission and prevention information. In 
the sub-Saharan African context, where difficult choices sometimes must be made about 
how HIV prevention funds should be allocated, a more in depth understanding of how 
knowledge, beliefs and behaviors change is quite important. 
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CHAPTER 1: The Impact of Married Individuals Learning HIV Status in Malawi: 
Divorce, Number of Sexual Partners, Condom Use with Spouses 
 
 
Introduction 
In most of sub-Saharan Africa (SSA), HIV testing and counseling (HTC) has been 
promoted and implement as an important part of HIV prevention efforts (World Health 
Organization 2010). Reduced risky sexual behavior after learning HIV status is presumed 
but observed results have been mixed, leading to doubt about the efficacy of HTC in the 
prevention of HIV. Study findings vary dramatically, with some finding more condom 
use or fewer sexual partners after HTC, and others finding no behavioral change or even 
increased risky behaviors (De Paula et al. 2013; Denison et al. 2008; Fonner et al. 2012; 
Matovu et al. 2005; Sherr et al. 2007; Stoneburner and  Low-Beer 2004; Thornton 2008). 
Relationship-based prevention tactics, such as divorce or selecting partners based on HIV 
status (serosorting), have also been examined in conjunction with learning HIV status 
through HTC (Gregson et al. 1998; Grinstead et al. 2001; Porter et al. 2004; Reniers 
and  Helleringer 2011). Several studies have found that both women and men are more 
likely to divorce a spouse who is known or suspected to be HIV-positive (Gregson et al. 
1998; Grinstead et al. 2001; Porter et al. 2004; Reniers 2008; Smith and  Watkins 2005). 
A prominent difficulty in assessing the validity of these outcomes is the fact that 
those seeking to know their HIV status through HTC are self-selected (Kranzer et al. 
2008; Matovu et al. 2005). That is, testers represent a select portion of the population 
who may be driven both to seek testing and to take preventative measures. For this 
reason, assuming that testing causes preventative behavior from associations between 
testing and behavioral change is problematic. The aim of the current study is to clarify the 
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causal effect of HTC on post-testing behaviors by using an experimental design that 
randomizes additional motivation to learn HIV test results. We examine how knowledge 
of HIV status is used by married individuals in ways that may protect against HIV/AIDS 
risk through (1) divorce, (2) reducing the number of sexual partners and (3) condom use 
with spouses. We are able to measure the causal impact of HTC on subsequent behavior, 
not just associations, by using data from the Malawi Longitudinal Study of Families and 
Health (MLSFH) (Kohler et al. 2014). The HIV testing technology at the time required 
lab-analyses of the saliva specimen obtained from respondents. A 4-6 week delay 
occurred between the collection of the saliva specimen and the availability of the HIV 
test results. To create exogenous variation in the rate at which MLSFH respondents were 
learning their HIV status, respondents during the 2004 MLSFH round were randomly 
incentivized through both varying monetary rewards and travel distances for visiting a 
MLSFH HTC site where they could obtain their HIV test results. Because of their 
randomization during the 2004 MLSFH HTC, the randomized incentives and distances-
to-HTC sites provide plausible instruments to control for selection in two-stage estimates 
of effects of learning HIV status on later behaviors. By exploring the extent to which 
selection bias into testing plays a role in later behaviors, we hope to shed light on some of 
the contradictory results found in previous studies and to alleviate concerns for the 
potential unintended negative consequences of HTC.   
 
Literature Review 
In high-HIV prevalence SSA, there is a high risk of HIV transmission from one’s 
spouse. The majority of new heterosexually acquired HIV infections occur within 
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marriage (Dunkle et al. 2008; Matovu 2010; UNAIDS 2010a), and sero-discordant 
couples are more common than sero-concordant HIV-positive couples (De Walque 
2007). This imbalance stems partially from obvious sources such as extramarital partners, 
but also from spouses who have been previously married. Individuals who are divorced 
are more likely to be HIV-positive than individuals who are currently married or never 
married (Boileau et al. 2009; Measure DHS 2008). In rural Malawi, the majority of 
individuals are either currently married or have already been married at least once by 
their mid-twenties, though there is also substantial “marital churning” or divorce and 
remarriage (Measure DHS 2010), highlighting the importance of divorce as a source of 
HIV risk in this context.  
The increased association between divorce and HIV-positive status has been 
attributed to several causes. Divorce could cause increased HIV risk because divorcees 
are more likely to have a higher number of sexual partners throughout their lives, leading 
to higher chances of becoming HIV-positive. However, it is also possible that engaging 
in risky behavior, such as cheating on a spouse through having other sexual partners, 
leads to higher chances of both divorce and becoming HIV-positive. Another possibility 
is that knowledge of HIV status, in and of itself, is the impetus for divorce (Gregson et al. 
1998; Grinstead et al. 2001; Porter et al. 2004). Many individuals recognize their spouse 
as a large potential source of HIV risk and divorcing a spouse who is known or suspected 
of being HIV-positive or of having extra-marital partners has been found to be another 
prevention tactic used by individuals (Gregson et al. 1998; Reniers 2008; Schatz 2005; 
Smith and Watkins 2005). Specifically in Malawi, both men and women have been found 
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to increasingly use divorce as a risk-reduction strategy when they believe that they are in 
a marriage that puts them at high risk of HIV infection (Reniers et al. 2009).  
Once HIV status is learned, there are of course other viable prevention tactics 
available to individuals or couples who choose to stay together. For example, HIV-
positive individuals have been found to decrease reported number of sexual partners 
and/or increase condom use after learning HIV status (Arthur et al. 2007; Cremin et al. 
2010; De Paula et al. 2013; Fonner et al. 2012; Sherr et al. 2007; Thornton 2008). HIV-
negative individuals have also been found to increase condom use or engage in other 
preventative behaviors to protect against their spouses’ suspected HIV status, known HIV 
status or suspected behavior (Arthur et al. 2007; Denison et al. 2008; Mola et al. 2006; 
Stoneburner and  Low-Beer 2004). This is particularly true for HIV-negative women 
(Cremin et al. 2010; Gregson et al. 1998; Kabiru et al. 2010), or if an HIV-negative test 
result is a surprise (Gong 2011). However, several studies find no association of HTC 
with risky behavior or increased risky behavior as an unintended consequence of HTC, 
especially among HIV-negative individuals (De Paula et al. 2013; Fonner et al. 2012; 
Kabiru et al. 2010; Matambo et al. 2006; Matovu et al. 2005; Sherr et al. 2007). 
Many of these often contradictory results from studies of the effect of HTC on 
divorce, condom use, and sexual partnership were limited to selective samples from 
clinic-based HTC centers, comprised only of individuals who sought out HIV testing 
(Arthur et al. 2007; Cremin et al. 2010; Grinstead et al. 2001; Matovu et al. 2005; Mola et 
al. 2006). A few others were able to utilize samples that were part of a randomized survey 
(De Paula et al. 2013; Matovu et al. 2005; Thornton 2008). However, even in randomized 
samples, those who chose to accept HIV testing are still probably selective and often 
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differ on important characteristics such as HIV status, gender and marital status (Bakari 
et al. 2000; Matovu et al. 2005; Thornton 2008). Only a few studies have been able to 
take an approach like the current study and use more advanced methodologies or 
experimental data within a randomized sample in order to improve the measurement of 
behavioral change after HTC (De Paula et al. 2013; Thornton 2008; Thornton 2012).  
In this paper, we examine how learning HIV status affects divorce and other HIV 
prevention behaviors among married individuals in models that control for selection bias 
into choosing to be tested for HIV/AIDS. We expect to find that HTC does not cause 
certain unintended negative consequences such as divorce or increased risky behavior, 
but rather, that other factors associated with choosing to be tested for HIV are more likely 
sources of the unintended negative consequences of HTC found in some previous studies. 
 
Data and Methods 
The MLSFH is a longitudinal study in Malawi that began in 1998 and was 
repeated for five subsequent waves between 2001 and 2010. The study design, sample 
selection, survey content, follow-up rates and attrition are described and documented in 
the MLSFH Cohort Profile (Kohler et al. 2014). In 1998, the MLSFH randomly selected 
households from which to interview ever-married women and their husbands in three 
districts of rural Malawi: Rumphi in the north, Mchinji in the central region and Balaka in 
the south. A fair amount of attrition has occurred since 1998, mostly due to migration.1 
However, in 2004 the baseline characteristics of the respondents were still comparable to 
                                                
1 74% of attrition between 1998 and 2001 was due to migration (total attrition was 23% of the 1998 
sample). Similarly, 54% of the attrition between 2001 and 2004 was due to migration (total attrition was 
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other surveys conducted in Malawi (Anglewicz et al. 2009). We use a subsample of data 
from the 2004, 2006 and 2008 waves of data, as well as a 2007 migrant survey. The 2004 
survey includes the experimental design that randomized monetary incentives and 
distance to HTC sites, encouraging respondents to return for their HIV test results. In this 
study the 2006, 2007 and 2008 waves of data are combined to form the follow-up data 
and to assess behavioral changes after learning HIV status in 2004. The majority of 
respondents in the follow-up sample were taken from the 2006 wave of data (91% of the 
final sample), but if respondents were not found for re-interview in 2006, the 2007 data 
was used when possible. If the respondents were not re-interviewed in 2006 or 2007, the 
2008 data was used when possible. We only used data from the first MLSFH survey in 
which respondents participated after 2004, whether that be 2006, 2007 or 2008. 
Respondents were retested for HIV in 2006, 2007 and 2008 so only using the first survey 
after 2004 ensures that respondents did not receive additional information from the 
MLSFH about their HIV status after 2004.2 Furthermore, when comparing the changes in 
outcomes for divorce, only divorces recorded between 2004 and 2006 were counted in 
order to ensure the same window of time for reaction to HIV test results for all 
respondents, regardless of which follow-up year was used.3 The final sample is restricted 
to individuals in 2004 who were married, agreed to the MLSFH-provided HIV test in 
2004,4 provided basic demographic data and were re-interviewed by the MLSFH in either 
2006, 2007 or 2008. In 2004 rapid testing was not available in the study area. Therefore 
                                                
2 The majority of respondents (85%) did not report getting tested between 2004 and follow-up from an 
outside source, but results are robust to the exclusion of individuals who did report an additional test after 
2004.  
3 Seven divorces were dropped because they occurred in 2007 or 2008. 
4 Minus approximately 10 respondents whose results were indeterminate. 
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only lab-based HIV testing was used, requiring those tested to return several weeks later 
to learn their results. The MLSFH took advantage of this situation by randomly assigning 
a monetary incentive for picking up test results a few weeks later. The monetary 
incentives ranged from no incentive to 300 Malawian kwacha, which was equivalent to 
approximately two days’ average wages for rural Malawians in 2004 (approximately 
three U.S. dollars in 2004). The location for pick-up of HIV test results was also 
randomly assigned in each community, thus resulting in random distances from 
respondents’ homes. The average distance to HTC pick-up location from respondents’ 
home was two kilometers (standard deviation 1.26), the maximum distance was 5.2 
kilometers and over 90% of respondents lived under four kilometers away. The 
distribution of the monetary incentives is non-normal, with discontinuities near zero and 
incentives clustered around 50, 100, 200, 250 and 300 Kwacha. For this reason, the 
incentives are categorized as no incentive, 10-50 Kwacha, 60-100 Kwacha, 110-200 
Kwacha, or 200-300 Kwacha, although results are robust to the incentives being used in 
continuous and other forms. A term for distance to HTC center squared is added to the 
models to adjust for the possibility of non-linearity in the relationship between learning 
HIV status and distance to HTC.   
Marital status change from 2004 to follow up was identified using marital history 
information and is categorized as still married or divorced. “Married” is defined as 
individuals who were either married or living with a partner, which is a definition that is 
both more culturally relevant and more accurate in terms of the behavior we wish to 
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measure in the analysis.5 Marital status changes due to widowhood are excluded from the 
analysis. Widowhood constitutes less than 1% of the sample but approximately 21% of 
marital dissolutions during 2004-06. The small number of widowed respondents partially 
alleviates concerns of unequal attrition of HIV-positive respondents due to death; 
however the proportion of widowhood among those who experience marital dissolution 
after 2004 is fairly large and is acknowledged as a limitation. The divorced category 
includes individuals who divorced between 2004 and 2006 whether or not they remarried 
before follow up.6 Polygamous men are also included in the analysis. The divorced 
category for polygamous men includes all men who divorced any of their wives between 
2004 and 2006.  
The MLSFH asked all respondents the number of sexual partners they had in the 
last 12 months, which is used as an outcome variable in continuous form in the current 
analysis. Other specifications of the number of partners in the last 12 months were also 
explored, including a dichotomous variable for zero or one partner as compared to two or 
more partners, and zero versus one or more sexual partners. Results were similar to those 
using the continuous form of this variable. Condom use with husbands, wives and live-in 
partners in 2004, 2006 and 2007 is used to determine change in this variable after 
learning HIV status. Questions about condom use within marriage were not asked in 
2008. Constructed response categories move loosely from low to high frequency and are 
as follows: never, sometimes, almost every time, and every time. If a respondent 
                                                
5 The marriage question was asked as follows, “I am interested both in marriages that involved your family 
and ankhoswe, and marriages where you and your husband just started living together without involving 
ankhoswe” (an ankhoswe is a family member who serves as a marriage advisor). Essentially, the survey 
was asking for marriages and cohabiting relationships, but in language and terms that were culturally 
relevant, meaning that the sample of “married” individuals includes both married and cohabiting couples in 
effect. 
6 Of those who divorced after 2004, approximately 80% remarried by follow-up. 
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indicates a higher frequency category in 2006 or 2007 as compared to 2004 then condom 
use is coded as increasing. Several other specifications of condom use and change in 
condom use were also estimated, all of which resulted in the same substantive 
conclusions.7 Several pre-determined control variables that were not affected by the 2004 
test results are included to increase precision of the estimates: age in 20048, region of 
residence and level of schooling in 2004.9 Region of residence is either Rumphi in the 
north, Mchinji in central Malawi or Balaka in the south. Schooling level is grouped as no 
schooling, at least some primary school, or at least some secondary school.10  
In order to investigate the causal effects of learning one’s HIV status in 2004 on 
subsequent divorce and sexual behaviors, non-linear two-stage probit and two-stage least 
squares models are estimated.11 A non-linear two-stage estimator, as outlined by 
Wooldridge (2002, p. 623) and Angrist and Pischke (2008, p. 191), has an additional step 
prior to a standard two-stage probit or least squares estimation. We first estimate a probit 
model for knowing HIV status, 𝐾𝑛𝑜𝑤!, over the monetary incentives, distances to HTC 
center, distances squared and Xi as follows:  Pr  (𝐾𝑛𝑜𝑤! = 1) = Pr 𝛼!+𝛼!𝐼𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒!+𝛼!𝐷𝑖𝑠𝑡! + 𝛼!𝐷𝑖𝑠𝑡!! + 𝑿𝒊𝜶𝒙! + 𝜺𝒊 > 𝟎  
 = Φ(𝛼!+𝛼!𝐼𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒!+𝛼!𝐷𝑖𝑠𝑡! + 𝛼!𝐷𝑖𝑠𝑡!! + 𝑿𝒊𝜶𝒙! ),   𝑔𝑖𝑣𝑒𝑛  𝜀!~  𝑁(0,1)      (1) 
                                                
7 The level of condom use was assessed as a continuous outcome, plus several dichotomous outcomes were 
created indicating less condom use at follow-up, increase in condom use as compared to “consistent” 
condom use at follow-up, a change in condom use from “never” to “any,” and have ever used a condom as 
measured at follow-up.  
8 Age in 2004 is estimated by the interviewer for 33 respondents in 2004 and 7 in 2008 (2.2% of the total 
sample). 
9 Age and schooling level are taken from the 2004 data but missing values in 2004 are imputed from the 
2006, 2007 and 2008 data (0.4% of the age variable and 13.5% of the schooling variable).  
10 The last category also includes schooling past secondary school (n=2). 
11 Least squares linear regression models are estimated for the number of sexual partners in the year of 
follow-up. 
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where 𝐾𝑛𝑜𝑤! is learning HIV status (binary variable for picking up HTC test results as 
part of the 2004 MLSFH HTC) for respondent i, 𝐼𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒!   is the amount of the 
incentive offered as part of the 2004 MLSFH HTC, 𝐷𝑖𝑠𝑡!   is the distance to HTC center, 𝑿𝒊  is a vector of exogenous or predetermined covariates (age, education level and region) 
where 𝜶𝒙!  is the vector of coefficients for each X covariate, Φ(. ) is the cumulative normal 
distribution function, and 𝜀! is the error, assumed normally distributed with a mean of 
zero and a standard deviation of one. Next we calculate the predicted probabilities of 
learning HIV status, 𝐾𝑛𝑜𝑤!, from the probit models. Finally, we then use these predicted 
probabilities, 𝑃(Know!), and 𝑿𝒊 as the instruments in two-stage models predicting the 
causal effect of learning HIV status on the outcomes of interest: (1) divorce, (2) the 
number of sexual partners during the follow-up year and (3) condom use within 
marriage.12 They are described separately below for clarity. The first-stage specification 
is: 
       𝐾𝑛𝑜𝑤! = 𝛼! + 𝛼!𝑃(Know!)+ 𝑿𝒊𝜶𝒙! + 𝜈!   (2) 
The second-stage probit model is: 
             Pr  (𝑌! = 1     𝑿𝒊,𝐾𝑛𝑜𝑤! = Pr  (𝛽!   +   𝛽!𝐾𝑛𝑜𝑤!   + 𝑿𝒊𝜷𝒙! + 𝜀! > 0) 
       = Φ(𝛽!   +   𝛽!𝐾𝑛𝑜𝑤!   + 𝑿𝒊𝜷𝒙! ),   𝑔𝑖𝑣𝑒𝑛  𝜀!~  𝑁(0,1)    (3) 
where 𝑌!   is the final outcome variable, 𝐾𝑛𝑜𝑤! is the predicted value of learning HIV 
status as estimated in the first-stage model, 𝑿𝒊  is a vector of covariates where 𝜷𝒙!  is the 
vector of coefficients for each X covariate, and 𝜀! is the error, assumed normally 
distributed with a mean of zero and a standard deviation of one.  
                                                
12 The two stages are estimated jointly to ensure accurate standard errors using the ivreg and ivprobit 
commands in STATA12. 
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There are several advantages to the non-linear two-stage estimator. Most 
importantly, it has the advantage of being able to account for the binary nature of the 
variables at both the first and second stages of the analysis. By doing so we generate a 
better approximation of 𝐾𝑛𝑜𝑤! than a linear model would yield. Therefore the IV 
estimates are more efficient and precise. Other advantages include the fact that the test 
statistics are asymptotically valid and the standard errors are correct in the two-stage 
portion of the analysis (Angrist and  Pischke 2009; Wooldridge 2002).  
Regular probit and linear regression models are also included in the analysis for 
comparison, with the expectation that coefficients will change in the IV probit and IV 
regression models due to reductions in bias. The analysis is divided by HIV status 
because it is expected that the propensity to divorce, have more sexual partners or use 
condoms after learning HIV status may be very different for HIV-negative versus HIV-
positive respondents. The analysis is further divided by sex for HIV-negative respondents 
because men and women are subject to different constraints when making decisions about 
divorce and sexual behavior. The analysis is not subdivided by sex for HIV-positive 
respondents because of the small sample size for those who are HIV-positive.   
Few individuals in the MLSFH knew their HIV status prior to the 2004 MLSFH 
testing, and few obtained outside testing between 2004 and 2006. In 2004 respondents 
were offered HTC and approximately 90% accepted. For the majority (85%) it was their 
first HIV test, which is consistent with Demographic and Health Survey (DHS) data in 
which 15% of the population in Malawi reported ever having had an HIV test as of 2004 
(Measure DHS 2004). HIV testing outside of the MLSFH was not only rare in Malawi 
before 2004, but increases in testing between 2004 and 2006 were also modest. 
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Substantial gains in testing were made by 2010, although even then only around 53% of 
the adult population reported ever having had an HIV test (Measure DHS 2010). In the 
2006 MLSFH, 80% of those who had previously been tested for HIV had only been 
tested once and 98% of these tests were in 2004 with the MLSFH. Of those tested in 
2004, only approximately 9.9% received another test after 2004 but before 2006. The 
results of the current analysis are robust to exclusion of respondents who reported being 
tested for HIV again after the 2004 MLSFH testing but before the follow-up assessment 
of behavioral changes of interest for this study.  
We recognize that bias in the number of sexual partners reported is probable. This 
pattern of reporting often follows gender-specific norms, with women reporting fewer 
sexual partners than men in face-to-face interviews. The degree to which this is due to 
misreporting is unclear but previous research on reports of sexual behavior in Malawi 
suggests that misreporting may be fairly high (Helleringer et al. 2011; Mensch et al. 
2008). In some instances, reports of sexual behavior, while lower than expected, are more 
internally consistent in face-to-face interviews than while using alternative interviewing 
techniques designed to reduce reporting bias, such as audio computer-assisted self-
interviewing (Mensch et al. 2008). While sexual behavior is thought to be underreported 
by women and overreported by men, there is reason to believe that there is a benefit to 
using face-to-face reports of sexual behavior in terms of consistency between questions 
and between survey waves. 
Some concern may exist about the representativeness of the data due to attrition 
after 2004. Migration attrition after the 2004 wave of data was a particular concern for 
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this study because individuals who choose to migrate are more likely to be HIV-positive 
and are also more likely to move because of divorce (Anglewicz 2012). Data from a 2007 
follow up survey, specifically designed to find respondents who were not interviewed in 
2006 due to migration, was included with the follow-up data to reduce migration attrition 
bias. Additional analyses of attrition were also performed to assess the representativeness 
of the data based on tests from several previous studies (Alderman et al. 2001; Anglewicz 
et al. 2009; Becketti et al. 1988; Fitzgerald et al. 1998). Results indicate that even though 
there are differences in observed characteristics between those who attrite and those who 
do not, these differences are not large enough to significantly bias parameter estimates in 
regression outcomes.  See the appendix for complete details of the attrition analysis, as 
well as the MLSFH Cohort Profile for related analyses of attrition (Kohler et al. 2014). 
 
Results 
Descriptive statistics for the sample, separated by HIV status and sex, are 
presented in table 1.1.13 Panel A describes the three outcome variables and panel B gives 
descriptive information about the other variables in the models. In panel A we see that 
19% of the 2004 HIV-positive respondents divorced after 2004 as compared to only 4 or 
5% of HIV-negative respondents. Almost 16% of HIV-positive respondents report no 
sexual partner in the year of follow-up. In contrast, 5% of HIV-negative women report no 
sexual partner and only approximately 1% of HIV-negative men report no sexual partner 
at follow-up. About 20% of HIV-negative men, but no HIV-negative women report more 
                                                
13 Descriptive statistics for HIV-positive respondents separated by sex can be found in appendix table 
1.A24. 
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than one sexual partner at follow-up, potentially reflecting gender biases in reports of 
sexual behavior. However, this pattern is consistent with DHS data from 2004 in which 
1.1% of women report more than one sexual partner and 11.8% of men report more than 
one sexual partner (Measure DHS 2005). 28% of HIV-positive respondents report 
increased condom use with their spouse after 2004 while 15 or 16% of HIV-negative 
respondents report increases in condom use. Panel B shows fairly equivalent distributions 
in incentive amounts and distances to HTC centers between men, women and HIV-
positive respondent. Also, HIV-positive respondents were usually 7 or 9 percentage 
points less likely to pick up test results as compared to HIV-negative men and women in 
the sample.  
Results from the first-stage probit models, which estimate the propensity to pick 
up HTC test results based on the incentives and distances to HTC centers, are shown in 
table 1.2. These estimates show that the randomized monetary incentives offered to 
respondents for learning their HIV test results are important and significant predictors of 
whether respondents indeed learned their HIV status during the 2004 MLSFH. The 
results for each outcome are very similar to one another and differ primarily with respect 
to variations in sample size due to the number of respondents who reported each outcome 
(and separated by HIV group for each regression, i.e. HIV-negative women, HIV-
negative men or HIV-positive respondents). The monetary incentive affects the 
propensity to pick up HIV test results, with higher incentive amounts resulting in greater 
likelihood of picking up results among all outcomes. The statistical significance of the 
coefficients in table 1.2 for the incentive amounts shows that this is a relevant predictor 
of the endogenous variable, learning HIV status. Distance to the assigned HTC center is a 
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less effective instrument for predicting pick up of HIV test results, but shorter distances 
to HTC sites still increase propensity to pick up results in some instances, in particular for 
the number of sexual partners outcome. The F-statistic values in the first-stage models 
provide further evidence of instrument strength (see appendix table, 1.A1; in this table, 
the estimated coefficients for the predicted probabilities are also very close to one, as is 
expected). The conventional “rule of thumb” is that F-statistic values above ten indicate 
sufficient predictive power of the instruments (Wooldridge 2009). The F-statistics in the 
HIV-negative models range from 61.0 to 33.9. These indicate good prediction of learning 
HIV status and lend confidence to the ability of the instruments to randomize the sample 
of HIV-negative individuals choosing to learn their HIV status. The models for HIV-
positive respondents yield F-statistics of 12.8, 12.4, and 7.0. Most of these F-statistics are 
also strong and the potential limitations resulting from the weaker F tests (which is for 
the condom use outcome) will be discussed below.  
Tables 1.3, 1.4 and 1.5 report the marginal effects for probit and second-stage IV 
probit models predicting the effect of learning HIV status on divorce and condom use, as 
well as the OLS and second-stage IV regression coefficients for the continuous outcome 
(number of sexual partners in the year of follow-up). Table 1.3 reports results for HIV-
negative women, table 1.4 for HIV-negative men and table 1.5 for HIV-positive 
respondents.   
Models 1 and 2 of table 1.3 report the second-stage probit and IV probit results 
for the effect of knowing HIV status on divorce among HIV-negative women. Model 1 
indicates that learning HIV status for the first time decreases risk of divorce by 2.8% in 
the following two years among HIV-negative women (significant at the 10% level). 
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However, results for the second-stage IV model in column 2 do not retain significance, 
and the point estimate decreases from .28 to .17 (a decline of 39%). This highlights the 
selection bias present in the non-instrumented models and the reduction in that bias 
through the instrumentation of learning HIV test results. The IV estimates in Model 4 
suggests that learning HIV status increases the number of additional sexual partners for 
HIV-negative women by 0.075, an effect that is substantially higher (by 36%) than that 
indicated by the OLS analyses that are subject to endogeneity concerns about learning 
one’s HIV status. Recalling that the vast majority of women reported either zero or one 
partner, this increased chance of having a partner among HIV-negative women who learn 
their status may reflect a lack of marginalization among these women because of their 
known HIV-negative status. Learning HIV status does not significantly affect condom 
use in the regular probit model but in the instrumental variable model we find a 
statistically significant and substantively important 16.2 percentage point increase in 
reported condom use with spouses among HIV-negative women who learn their status.   
Table 1.4 presents the second-stage results for the effect of knowing HIV status 
on subsequent behaviors among HIV-negative men. Results are not significant in either 
the regular probit models or the IV probit models for the divorce outcome and the 
outcome for the number of sexual partners in the year of follow-up. Probit results in 
model 6 indicate that men may appear to increase condom use with their spouse after 
learning of HIV-negative status, but this estimated effect is substantially diminished in 
the IV probit model and does not retain statistical significance. The results from the 
regular probit model reflect the outcome for the select group of men who may seek out 
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testing, but overall, learning HIV-negative status is not the cause of any observed 
behavioral change among men. 
Table 1.5 presents the second-stage results for the effect of learning HIV status 
among HIV-positive respondents. Before accounting for selection into choosing to learn 
HIV status, the probit model for divorce among HIV-positive respondents (table 1.5, 
model 1) indicates that learning HIV status for the first time decreases the risk of divorce 
in the two years following by almost 14 percentage points (significant at 0.10). Similar to 
the results for HIV-negative women, results from the second-stage IV model (model 2) 
do not retain statistical significance, suggesting no effect of learning HIV status on 
divorce among HIV-positive men and women in general. Results for both the number of 
sexual partners and condom use with one’s spouse show the opposite pattern, seeming to 
indicate that learning HIV status has no effect on influencing partner number or condom 
use in the regular probit and OLS models, but showing a significant effect in the IV 
models. Learning HIV status decreases the number of reported sexual partners at follow-
up for HIV-positive respondents by almost 40 percentage points and increases reported 
condom use with one’s spouse after 2004 by 40 percentage points as well. 
The results for HIV-positive respondents should be interpreted with caution given 
the small sample size for HIV-positive individuals and the low F-statistics from the first-
stage estimation of learning HIV status for the condom use outcome. It also would have 
been preferable to separate the analysis for men and women who are HIV-positive. The 
small sample of HIV-positive respondents, even when pooled for both men and women, 
still calls into question the validity of the results among those who are HIV-positive. The 
simplest power calculation for the divorce outcome (n=106) gives a power of only 0.59 at 
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alpha = 0.10 in detecting differences in divorce by knowledge of HIV status. The 
required sample size to attain a minimum desired power of 0.80, even at alpha = 0.10, is 
n = 156 at minimum. Since the IV probit models are underpowered, it is difficult to know 
with certainty whether the coefficients for learning HIV status accurately represent real 
differences in the models.    
 
Discussion and Limitations 
The main motivation of this paper was to improve upon previous research 
measuring the effect of married individuals learning HIV status on later behaviors 
including divorce, number of sexual partners and condom use with spouse. We used 
instrumental variables to control for selection bias that often probably is present in 
similar studies, and was present in this study prior to control. We find that knowledge of 
HIV-negative status does not lead to different chances of divorce, and our findings 
suggest that this is also true for HIV-positive individuals (although in this case our 
findings are based on only a relatively small sample size). In addition, our results show 
that learning one’s HIV status results in reduced risky behavior, including more condom 
use and fewer sexual partners, among HIV-negative women and HIV-positive 
respondents. Importantly, these effects are often only present after accounting for 
selection bias into HIV testing. These results imply that HIV testing does not cause 
divorce or increased risky behavior, but instead suggest there may be reductions in risky 
sexual behavior. Previous studies finding unintended negative consequences as a result of 
HTC were most likely driven by sample selection, meaning that individuals who seek 
testing also differ on other unmeasured characteristics which may effect relationship 
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dynamics and sexual behavior and bias conclusions about the effect that testing has on 
these later behaviors.  
Women who actually seek out testing are less likely to divorce after learning of 
HIV-negative status. This self-selected group of women may display a difference in the 
desire to know their HIV status due to strong perceived HIV risk or marital discord that 
existed prior to testing, which could be the actual drivers affecting chances of divorce. 
Although women who seek out testing might interpret their HIV-negative status as proof 
of their spouses’ faithfulness or as a reason not to divorce, learning HIV status does not 
independently influence marital stability for HIV-negative women, as evidenced by the 
lack of significant difference in divorce for HIV-negative women in models that correct 
for selection into HIV testing. HIV-negative women who learn their status are also 
slightly more likely to have an additional sexual partner; most often the “additional” 
partner represents one partner as opposed to zero partners.14 Assurance of HIV-negative 
status may be a signal to women about the faithfulness of their partner, making them 
more willing to stay with a partner. If HIV-positive women are seen as less desirable 
sexual partners, as suggested by Gregson et al. (1998) and Porter et al. (2004), then it is 
also logical to find that women who are known to be HIV-negative may be more highly 
valued. HIV-negative women who learn their status are also more likely to report 
increased condom use with their spouse or live-in partner during the year of follow-up as 
compared to HIV-negative women who did not learn their status. This effect is only 
observed after accounting for selection into HIV testing, implying that women who 
would have found out their HIV status regardless of additional incentives were not more 
                                                
14 The same results are found using a dichotomous variable for zero versus one partner. 
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likely to increase condom use. This could be true for many reasons. Perhaps when 
women are interested in learning their HIV status they are interested in ensuring their 
negative status before becoming pregnant, in which case condom use would not be 
expected to increase. Increased condom use after taking into account selection into HIV 
testing may be a result of being surprised about an HIV-negative test result or simply 
motivated by a desire to protect their newly known HIV-negative status (Gong 2011). 
This is a plausible explanation considering that many people in Malawi are quite 
pessimistic about their HIV status, often vastly overestimating their chances of being 
HIV-positive (Anglewicz and  Kohler 2009). 
For HIV-positive respondents, knowing HIV status has no effect on the 
propensity to divorce in the IV models, but before controlling for selection into choosing 
to learn HIV status, they are 14% less likely to divorce. This implies that only those who 
seek to know the results of their HIV test are actively using that information to make 
decisions about divorce. It is possible that those who seek out knowledge of HIV status, 
regardless of incentive amount received, could be following the recommendations of 
religious leaders to get tested, and to stay with a spouse who is already HIV-positive in 
fulfillment of obligations to care for the sick (Trinitapoli 2012). They may also believe 
that if one spouse is positive then both spouses must be HIV-positive. However, learning 
HIV-positive status also results in fewer reported sexual partners during the follow-up 
year and a substantial increase in reported condom use with spouses and live-in partners 
in the IV models, suggesting that testing may cause reduced risky behavior among those 
who are HIV-positive. Overall these results suggest that HIV testing is not the cause of 
divorce among married individuals who test HIV-positive, and these individuals are also 
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more likely to report reduced risky behaviors such as multiple sexual partnerships or 
unprotected sex with their spouse, as supported by similar studies (De Paula et al. 2013; 
Thornton 2008). 
It is possible that the results from this study were underpowered for HIV-positive 
individuals so these results should be interpreted as only suggestive. Future research 
utilizing a larger sample of HIV-positive individuals would be beneficial for assessing the 
effect of learning HIV-positive status on divorce and sexual behavior (although currently 
no suitable data to do so exists). The inability to separate the analysis for men and women 
among the HIV-positive sample is a limitation as well, making it unclear whether the 
results for divorce would have been different by sex. In descriptive statistics alone, HIV-
positive women get divorced more frequently (see appendix table 1.A10). In additional 
analyses we run models separated by sex for HIV-positive respondents and these results 
seem to indicate that HIV-positive men may be significantly less likely to get divorced 
after learning HIV-positive status, while there is no effect of learning HIV-positive status 
on chances of divorce among HIV-positive women. However, these results were greatly 
underpowered, with sample sizes for men and women of 42 and 64, respectively.  
Self-reported reductions in risky sexual behavior are encouraging, but a decrease 
in new HIV incidence would be even more encouraging. This is difficult to explore 
because very large sample sizes are needed to estimate new incidence due to the fact that 
HIV annual incidence rates are very low, usually between 1% and 3%. We did estimate 
whether learning HIV status in 2004 reduced the chances of becoming HIV-positive in 
the years to follow, although the number of new HIV-positive cases is small (see 
appendix text and tables 1.A5-1.A7). The results were significant for the non-
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instrumented models, but not the IV estimates, suggesting that HIV testing may not cause 
lower HIV incidence, but the availability of HIV testing causes lower incidence among 
those who access testing.  
Because this study focuses on married respondents, it is also of interest to know 
whether the same effects would remain or be even larger within couple-based HTC 
programs. The impact of couple-based HTC programs on HIV prevention efforts has 
gained credibility and emphasis in the literature recently, with studies often finding an 
association between couple HTC and increased HIV prevention efforts (Burton et al. 
2010; Desgrees-du-Lou and Orne-Gliemann 2008).15 We created a proxy for couple HTC 
by matching the respondents to their spouses who also participated in the program (see 
appendix text and tables 1.A8-1.A10). The sample size for couples who were both tested 
is much smaller that the individual-level sample size and the number of endogenous 
variables needing instrumentation increases, limiting our ability to obtain converging 
results for binary outcomes in instrumental models. We treated the binary outcomes as 
continuous in order to get estimates but none were significant for learning HIV status, 
spouse learning HIV status or both spouses learning HIV status. It is unclear whether 
larger positive effects exist for couples in the sample, or whether the analysis lacked the 
statistical power to detect a potential effect within couple-based testing.  
An interesting change that occurred after the data used in this study had been 
gathered was the substantial increased availability of free Antiretroviral Treatment (ART) 
in Malawi. ART became available in the study areas between 2006 and 2008 through 
                                                
15 Eriksson and Sovero (2013) examines the effects of HIV testing on divorce among HIV-negaitive 
couples but we have been unable to replicate these findings despite our best attempts to duplicate their 
approach. 
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Malawi’s Ministry of Health and the Global Fund to Fight AIDS, Tuberculosis and 
Malaria (Baranov et al. 2012). Previous research has found that the availability of ART 
has had a positive impact on mental health and economic productivity for both HIV-
positive and HIV-negative individuals (Baranov et al. 2012). It is possible that the marital 
and sexual dynamics explored in this paper would also be affected if the availability of 
ART results in a more optimistic view of future survival and longevity for individuals. 
Future analysis should explore whether divorce and sexual behaviors are affected by the 
availability of ART. 
Reliance on self-reported behavior on sensitive topics is a potential limitation of 
this study. It is well-known that self-reported sexual behavior is often subject to 
inaccuracies (Helleringer et al. 2011; McCallum and Peterson 2012). Fortunately, the 
conclusions for divorce are not subject to nearly as much bias in the current analysis. 
Even though divorce may not be reported perfectly, it is subject to much less 
misreporting than sexual behavior self reports. A cross check between a number of 
different variables in the repeated longitudinal marriage history available in the MLSFH 
gives us even more confidence in the accuracy of the divorce variable. 
Although it is possible that the magnitude of the effect of learning HIV status on 
the outcomes of interest might increase in the IV models relative to the standard estimates 
if random measurement error biasing the standard estimates towards zero, it is more 
likely in this case that some unobserved variable is working in the opposite direction of 
the effect of learning HIV status, therefore biasing the standard estimates toward zero but 
not having an effect on the IV estimates. For example, if individuals who are more likely 
to learn HIV status are also more cautious individuals in general, making them less likely 
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to engage in risky sexual behavior, then the standard estimates for change in behavior 
would be biased towards zero. Conversely, the IV estimates more accurately represent a 
broader range of individuals, cautious and not cautious, so learning HIV status might 
have a larger impact on changes in behavior if learned HIV status is truly a catalyst for 
reassessing behavioral practices. 
It is also possible that there were other sources of learning HIV status. 
Respondents who did not pick up their HTC results from the 2004 MLSFH study could 
have learned their HIV status at another point in time before the next MLSFH follow-up 
survey, although increases in the availability of HIV testing in Malawi were still modest 
between 2004 and 2006. The potential dilution of the presumed effect of picking-up HTC 
test results in 2004 may also be higher for HIV-positive respondents as compared to HIV-
negative respondents. It is also possible that HIV-positive respondents were less likely to 
pick up their results in 2004 if they already knew their status prior to the 2004 survey.16 If 
any of these scenarios is true, this would lead to systematic error in the endogenous 
variable such that the results presented here would be biased downward, meaning our 
conclusions would be strengthened with the removal of this potential bias.  
The study design of this project may also be a limitation. Although IV models 
reduce bias, they may not completely remove all bias stemming from omitted variables 
and selection (Deaton 2010; Easterly 2009; Heckman and Urzua 2009; Imbens 2010). 
Those at the margins of certain behaviors or characteristics may be more likely to engage 
in behavior that deviates from the norm in ways that reduce the effectiveness of 
incentives designed to encourage pick-up of HTC results. This could lead to endogeneity 
                                                
16 The 2004 HIV testing within the MLSFH was the first test for 85% of respondents. 
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of the instruments if respondents choose to pick-up results or not pick-up results in a way 
that is still correlated with the heterogeneity in propensity to pick-up HIV test results. 
However, the attempt to randomize the individuals who pick-up HIV tests probably will 
result in less biased estimates. Advocates of randomized experiments focus on the 
importance of the improvement in accuracy and in the viability of results drawn from 
statistical methods that fully utilize the advantages inherent in such designs (Imbens 
2010). The MLSFH experimental design still makes significant progress in reducing bias 
and endogeneity issues.   
 
Conclusion 
The decision to divorce (or not) based on knowledge of HIV status has potentially 
important consequences for HIV prevention and transmission in high HIV-revalence SSA 
contexts. Our research in Malawi utilizing a randomized design, resulting in exogenous 
variation in HIV-status knowledge, suggests that learning one’s HIV status does not 
significantly affect the propensity to divorce in Malawi. Our study convincingly 
documents these effects (or “non-effects”) of knowledge of one’s HIV status on divorce 
for HIV-negative individuals, while our conclusions are somewhat more suggestive for 
HIV-positive individuals due to a small sample size (although currently no data exists 
that allows to overcome this limitation). Combined with our findings about the changes in 
the number of reported sexual partners and reported condom use during sexual 
relationships after learning HIV status, the results give us a clearer picture of how 
relationships and HIV prevention are jointly navigated in the high HIV context of 
Malawi. Instead of affecting divorce, our study reinforces earlier findings that HTC is as 
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an important component of HIV reduction efforts by supporting the assumption that HIV-
negative individuals will protect themselves against future risk of infection, and HIV-
positive individuals will be motivated to take precautions to protect others. At the very 
least, our study provides strong evidence that HTC does not cause increased risky sexual 
behavior. Most importantly, providing HIV testing and counseling remains an important 
element of HIV prevention efforts because it provides individuals the opportunity to gain 
knowledge and control of their own health, including through mechanisms such as 
changing sexual behaviors and/or condom use. 
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Mean Std Dev Mean Std Dev Mean Std Dev
Panel A: outcome variables
Divorced between 2004 and follow-up 0.05 0.21 0.04 0.20 0.19 0.39
  Observations 1,008 775 106
Number of Sexual Partners in follow-up year
     Zero 0.050 0.013 0.159
     One 0.940 0.769 0.788
     Two 0.001 0.176 0.018
     Three 0.000 0.031 0.027
     Four or More 0.002 0.011 0.009
  Observations 1,004 750 113
Increase in Condom Use with Spouse 0.15 0.36 0.16 0.37 0.28 0.45
  Observations 758 595 74
Returned for HIV Results/Know HIV Status 0.72 0.45 0.71 0.45 0.64 0.48
Incentive Amount Offered
     None 0.24 0.43 0.24 0.43 0.28 0.45
     10-50 Kwacha 0.20 0.40 0.19 0.39 0.18 0.39
     60-100 Kwacha 0.20 0.40 0.19 0.40 0.20 0.40
     110-200 Kwacha 0.22 0.42 0.25 0.43 0.19 0.39
     210-300 Kwacha 0.14 0.35 0.13 0.34 0.15 0.36
Distance to HTC center 1.96 1.23 2.05 1.28 1.86 1.35
Age 34.10 11.27 40.49 12.66 35.72 10.38
Region
     Mchinji (center) 0.30 0.46 0.30 0.46 0.27 0.45
     Balaka (south) 0.36 0.48 0.35 0.48 0.46 0.50
     Rumphi (north) 0.34 0.48 0.35 0.48 0.26 0.44
Education: 
     No Education 0.27 0.44 0.17 0.38 0.23 0.42
     Primary 0.67 0.47 0.68 0.47 0.70 0.46
     Secondary or more 0.06 0.25 0.15 0.36 0.08 0.27
Observations 1,008 775 106
Table 1.1  Descriptive statistics
HIV negative women HIV negative men HIV positive
Panel B: other variables
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Outcomes: 
(1) (2) (3) (4) (5) (6)
Probit IV Probit OLS IV Reg Probit IV Probit
Learned HIV Status -0.028† -0.017 0.055* 0.075* 0.033 0.162*
(0.015) (0.030) (0.023) (0.037) (0.028) (0.071)
Age in 2004 -0.001 -0.001 -0.002† -0.002† -0.006** -0.006**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Region (relative to Mchinji - central)
     Rumphi - north -0.020 -0.022 -0.004 -0.002 0.132** 0.128**
(0.014) (0.018) (0.020) (0.019) (0.042) (0.038)
     Balaka - south 0.040** 0.039** 0.004 0.004 0.055 0.048
(0.014) (0.013) (0.024) (0.023) (0.034) (0.033)
Education (relative to no education)
     Primary 0.011 0.014 0.026 0.028 0.041 0.054†
(0.013) (0.015) (0.024) (0.024) (0.030) (0.032)
     Secondary 0.047 0.040 0.046 0.050 0.112 0.124*
(0.046) (0.029) (0.036) (0.036) (0.078) (0.062)
Observations 1,008 1,008 1,004 1004 758 758
Notes: Robust standard errors clustered by village are in parentheses. Marginal effects are reported for all binary outcomes, 
OLS coefficients reported for the continuous outcome (model 4). For model 4 the value of Wooldridge's robust score test of 
endogeneity is 0.505 with a p-value of  0.4787. ** p < .01; * p < .05; † p< .10
Table 1.3  Non-linear Two Stage Estimator - Second stage estimates for HIV negative women
Divorced after 2004
Increase in condom use 
with spouse/partner after 
2004
Number of sexual partners  
in year of follow-up 
(continuous)
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Outcomes: 
(1) (2) (3) (4) (5) (6)
Probit IV Probit OLS IV Reg Probit IV Probit
Learned HIV Status 0.015 0.025 -0.063 -0.030 0.066* 0.033
(0.013) (0.034) (0.052) (0.105) (0.033) (0.074)
Age in 2004 -0.001* -0.002* -0.002 -0.002 -0.006** -0.006**
(0.001) (0.001) (0.002) (0.002) (0.001) (0.001)
Region (relative to Mchinji - central)
     Rumphi - north -0.003 -0.002 0.188* 0.192** 0.103* 0.093*
(0.018) (0.019) (0.072) (0.072) (0.044) (0.039)
     Balaka - south 0.004 0.004 0.130† 0.130† 0.038 0.037
(0.016) (0.017) (0.067) (0.067) (0.036) (0.034)
Education (relative to no education)
     Primary 0.021 0.025 -0.059 -0.057 -0.051 -0.052
(0.016) (0.021) (0.092) (0.091) (0.050) (0.046)
     Secondary 0.020 0.020 -0.116 -0.111 -0.027 -0.036
(0.029) (0.024) (0.124) (0.125) (0.062) (0.070)
Observations 775 775 750 750 595 595
Divorced after 2004
Number of sexual partners 
in year of  follow-up 
(continuous)
Notes: Robust standard errors clustered by village are in parentheses. Marginal effects are reported for all binary outcomes, 
OLS coefficients reported for the continuous outcome (model 4). For model 4 the value of Wooldridge's robust score test of 
endogeneity is 0.159 with a p-value of  0.6910.  ** p < .01; * p < .05; † p< .10
Table 1.4  Non-linear Two Stage Estimator - Second stage estimates for HIV negative men 
Increase in condom use 
with spouse/partner after 
2004
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Outcome:
(1) (2) (3) (4) (5) (6)
Probit IV Probit OLS IV Reg Probit IV Probit
Learned HIV Status -0.136† -0.085 -0.084 -0.399* 0.149 0.402**
(0.074) (0.109) (0.124) (0.184) (0.102) (0.117)
Male -0.078 -0.078 0.513** 0.531** 0.256* 0.233*
(0.073) (0.078) (0.156) (0.148) (0.102) (0.094)
Age in 2004 -0.004 -0.005 -0.009† -0.008 -0.011† -0.011*
(0.004) (0.005) (0.005) (0.005) (0.006) (0.005)
Region (relative to Mchinji - central)
     Rumphi - north -0.002 0.010 0.276* 0.192 0.183 0.243*
(0.115) (0.119) (0.133) (0.141) (0.114) (0.101)
     Balaka - south 0.002 0.004 0.215† 0.201 .0.090 -0.062
(0.077) (0.078) (0.124) (0.134) (0.119) (0.107)
Education (relative to no education)
     Primary 0.024 0.029 0.000 -0.012 .0.107 -0.108
(0.092) (0.092) (0.091) (0.089) (0.173) (0.175)
     Secondary 0.048 0.052 -0.083 -0.123 .0.365 -0.326
(0.204) (0.183) (0.298) (0.299) (0.248) (0.229)
Observations 106 106 113 113 74 74
Table 1.5  Non-linear Two Stage Estimator - Second stage estimates for HIV positive men and women combined
Notes: Robust standard errors clustered by village are in parentheses. Marginal effects reported for all binary outcomes, OLS 
coefficients reported for continuous outcome (model 4). For model 4 the value of Wooldridge's robust score of endogeneity 
is 4.38 with a p-value of 0.0412. ** p < .01; * p < .05; † p< .10
Divorced after 2004
Number of sexual partners  
in year of follow-up 
(continuous)
Increase in condom use 
with spouse/partner after 
2004
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Appendix 
Analysis of Attrition 
Any longitudinal data suffers some sample attrition, which can bias analyses if 
those who exit the sample are systematically different from those who do not, based on 
either observed or unobserved characteristics (Alderman et al. 2001; Anglewicz et al. 
2009; Becketti et al. 1988; Fitzgerald et al. 1998). Migration attrition after the 2004 wave 
of data was a particular concern for this study because individuals who choose to migrate 
are more likely to be HIV-positive and are also more likely to move because of divorce 
(Anglewicz 2012). Two things were done to alleviate concerns that results were biased 
due to uneven attrition on these observed characteristics or on other unobserved 
characteristics.  First, data from a 2007 follow up survey, which specifically attempted to 
find respondents who were not interviewed in 2006 due to migration, was added to the 
follow-up sample.  Among the 2004 respondents used in this study, approximately 18% 
were not found for re-interview in 2006 because of migration, comprising the majority of 
the approximately 30% attrition between 2004 and 2006 (Anglewicz 2012). The 2007 
migration study sought to interview respondents who migrated internally within Malawi17 
and successfully interviewed 56% of these respondents (Anglewicz 2012).  By including 
the respondents found in the 2007 migration data, we reduce the potential bias due to 
migrants differing from non-migrants post 2004, as well as underrepresentation of 
divorced individuals and HIV-positive individuals.18   
                                                
17 Of the migrants not found in 2006, only 11% moved outside of Malawi.   
18 The distribution of individuals by follow-up survey supports this point.  It is shown in crosstabs with 
marital status and HIV status in the appendix which shows that individuals found in the 2007 survey, as 
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The second means of alleviating concerns of attrition bias in our results is by 
performing additional analyses of attrition. These analyses are based on similar work 
from several previous studies (Alderman et al. 2001; Anglewicz et al. 2009; Becketti et 
al. 1988; Fitzgerald et al. 1998). First, we make descriptive comparisons between those 
who were re-interviewed and those who were not re-interviewed.  Second, we perform a 
series of logistic regressions predicting attrition based on 2004 characteristics. Last, we 
perform a series of OLS and logistic regressions predicting several outcomes of interest 
from the 2004 data, which are chosen based on their ability to reflect outcomes of interest 
in this study (sometimes referred to as a BGLW test). This last series of regressions 
includes a global interaction of attrition and shows the degree to which attrition biases 
coefficients in regressions measuring similar outcomes to the outcomes of interest used in 
the current study. Related analyses are also reported in the MLSFH Cohort Profile 
(Kohler et al. 2014). 
The descriptive comparisons made between those who leave the sample and those 
who were found for re-interview in 2006, 2007 or 2008 are presented in table 1.A2.  
These descriptive comparisons are based on observed characteristics from the 2004 wave 
of data and, as expected, indicate some differences between those who left the sample 
and those who were found during one of the follow-up waves.  Those who leave the 
sample are slightly older, more likely to be from Balaka and are more likely to have 
either no education or more education than average.  A series of outcome proxies from 
the 2004 data are also reported in table 1.A1. These proxies are conceptually similar to 
                                                                                                                                            
well as the 2008 survey, are more likely to have divorced after 2004 and are more likely to be HIV-
positive. 
 38 
the outcomes from follow-up waves used in the analysis presented in the two-stage least 
squares estimation in the main body of the text.  Those who are not re-interviewed after 
2004 are less likely to have agreed to an HIV test and had fewer sexual partners in the 
last 12 months compared to those who were re-interviewed after 2004.  Furthermore, 
among those who agreed to an HIV test, those who were not found for re-interview were 
far more likely to be HIV-positive, to have not returned for their HIV test results, to have 
been offered a lower incentive amount for returning and lived further from the HTC pick-
up site. 
 Table 1.A3 presents the results of several logistic regression models predicting 
attrition after 2004.  The first four models represent the bivariate relationships between 
attrition and variables from the 2004 data that are conceptually similar to the outcome 
variables in the later analysis: ever divorced, number of sexual partners in the last 12 
months and ever used a condom with spouse.  Additionally, the degree to which agreeing 
to an HIV test predicts attrition is also assessed.  Those who have ever been divorced, 
those who refused an HIV test and those who are HIV-positive are more likely to have 
left the sample.  Again, this is as expected based on previous research (Anglewicz 2012).  
Furthermore, those who have had more sexual partners in the last 12 months are slightly 
less likely to have left the sample, although these results are only marginally significant, 
at a p-value just under the 0.10 level.  In the fifth model, all four of the previous variables 
are included simultaneously.  Attrition is associated with refusing an HIV test, the 
number of sexual partners in the last 12 months loses all statistical significance, ever 
having divorced retains only marginal significance and ever having used a condom with 
one’s spouse gains marginal significance.  A similar pattern is observed in the eighth 
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model, which includes all four variables discussed above as well as control variables for 
sex, age, region and education.  The only difference in the eighth model is that the 
variable for ever used a condom with a spouse gains more statistical significance, 
indicating that those who have used a condom with their spouse are more highly 
associated with attrition.  Models six and seven comprise a sample of only those who 
have agreed to an HIV test and assess how the results of the HIV test are associated with 
attrition.  Both with and without control variables, being HIV-positive is strongly 
associated with attrition.  Those who attrite were also offered a slightly lower incentive 
amount, lived further from the HTC pick up site and were less likely to return to the HTC 
pick up site to learn their HIV status.  
Up to this point, the attrition analysis seems to indicate that the most important 
variables in the current analysis are associated with attrition, including ever having been 
divorced, agreeing to an HIV test, HIV status itself and whether respondents returned to 
learn their HIV test results.  However, as recommended by previous studies such as 
Becketti et al. (1988) or Alderman et al. (2001), a third set of attrition tests, sometimes 
referred to as BGLW tests after the initials of the four authors of the paper originating 
this concept (Becketti et al. 1988), can still help to determine whether these real 
differences in observable characteristics between those who attrite and those who do not, 
are large enough to actually bias the coefficients in regression outcomes.  In table 1.A4 
we present a series of logistic and OLS regressions using the outcomes of particular 
interest noted above.  Included in these models are interactions between attrition and 
every variable in the model so that the significance of the difference between the 
outcomes by attrition status can be thoroughly analyzed.  The interactions between each 
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of the predictor variables and attrition are at the top of the table, followed by the 
coefficient for attrition (the first-order effects of the predictor variables are not shown).  
The interaction coefficients indicate which variables differentially affect the outcomes by 
attrition status.  Very few of these coefficients are statistically significant.  Attrition in the 
southern region of Balaka is associated with significantly lower chances of agreeing to an 
HIV test and ever having been divorced, while attrition in Balaka is associated with a 
marginally significant increase in the association with having ever used a condom with 
one’s spouse.  Those who have more education also exhibit a marginally significant 
association between attrition and having ever been divorced.   
The Chi-squared tests for the joint effect of attrition on the constant and the 
coefficients, listed at the bottom of table 1.A4, indicate whether or not each model, 
overall, is biased by attrition.  This is the most direct measure of how much attrition may 
be biasing results.  The most useful of these joint tests is the test for the effect of attrition 
on the coefficients only, which indicates whether there are significant differences in the 
outcomes between those who exit the sample and those who do not, as evidenced by the 
slope of the coefficients.  If these tests fail to indicate a significant difference between the 
attrition group and the non-attrition group, then we have evidence that the estimated 
coefficients of the outcome variables are not significantly biased by attrition.  For all four 
outcomes tested (agreement to an HIV test, ever having used a condom with one’s 
spouse, ever having divorced and the number of sexual partners in the last 12 months) the 
chi-squared and F tests for the joint effect of attrition on the coefficients fail to predict a 
statistically significant difference in estimates between the attrition group and the non-
attrition group.  Therefore, while those who were lost to follow-up differ along several 
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observable characteristics from those who were found for re-interview, the resulting bias 
is too small to significantly affect the parameter estimates for the four outcomes.  This 
indirect assessment of the effect of attrition bias makes us more confident that attrition 
after 2004 does not significantly affect the substantive conclusions found in the main 
body of the paper. 
 HIV Incidence and Fertility after Learning HIV Status  
The self-reported reductions in risky sexual behavior found in the main body of 
the paper are encouraging, but decreases in HIV incidence would be the best measure of 
the effectiveness of HTC and of learning HIV status. Similarly, a measure of actual 
sexual behavior would be more informative than self-reports of sexual behavior. Previous 
studies have often used STI incidence and/or fertility as a proxy for sexual behaviors (for 
example, see Gong 2012). We are able to measure new HIV incidence and fertility after 
learning HIV status to further assess the validity of the results for self-reported sexual 
behaviors. We first discuss results for HIV incidence before moving on to a discussion of 
fertility after 2004 as an outcome. 
The prevalence of STI infections is very low in the MLSFH. HIV prevalence is 
higher than any other STI’s measured in the study so we examine the effect of learning 
HIV negative status on later HIV infection.19 Since HIV incidence rates are usually 
between one and three percent, new HIV infections are difficult to explore due to the 
need for very large sample sizes in order to produce accurate estimates of incidence. We 
still attempt to estimate the effect of learning HIV status in 2004 on reducing the chances 
of becoming HIV-positive in the years to follow, even though results are underpowered.  
Respondents were included in this sample if (1) they were married in 2004, (2) they were 
tested for HIV in 2004 and were not HIV-positive at that time and (3) were found for re-
interview in one of the follow-up waves of the survey.  Among these married 
                                                
19 Respondents in the MLSFH were tested for several STI’s in 2004 but prevalence rates were very low so 
respondents were not retested in subsequent survey years (0.3% for chlamydia, 3.0% for gonorrhea, and 
2.4% for trichomoniasis).                                       
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respondents, only 23 women and 10 men became HIV-positive by 2008.  We also 
compared the results shown to those including all tested respondents, whether married or 
not. This yields a sample with 31 new incidences of HIV among women and 15 new 
cases among men. Results for this group are substantively similar though not quite as 
strong as those with only married respondents included.20 
Table 1.A5 reports the first-stage estimates for learning HIV status. Table 1.A7 
reports the probit models and second-stage IV probit models for the effect of knowing 
HIV status on new HIV incidence after 2004. Table 1.A6 reports the middle stage 
conducted between the first and second-stages. This step essentially ensures correct 
standard errors in the two-stage model by using the predicted probability of learning HIV 
status from the separate first stage probit to then predict learning HIV status as the first 
stage in the jointly calculated two-stage model. The results of the IV probit models are 
not statistically significant. However, probit models for both men and women, as well as 
men and women combined, indicate that among those who self select into HIV testing, 
women are 2.1 percentage points and men are 1.8 percentage points less likely to become 
HIV-positive at follow-up (in 2006, 2007 or 2008) after learning their HIV status in 2004. 
Given that the estimated overall annual incidence rate of HIV in Malawi in 2004 was 
approximately 1.4% (UNAIDS 2008; UNAIDS 2010b), a reduction of 2.1 and 1.8 
percentage points across a time span of four years maximum is a very large effect. They 
suggest a very large reduction in HIV incidence among the select population who are 
                                                
20 Marginal effects of probit estimates of knowing HIV status for all HIV negative respondents combined is 
-0.015, p=0.006, for HIV negative women is -0.017, p=0.037, and for HIV negative men is -0.013, 
p=0.095. IV probit estimates show no significant effect of knowing HIV status in 2004 on new HIV 
incidence afterwards. 
44 
actively seeking knowledge of HIV status and taking preventative measures. The lack of 
significance in the IV models could be from the low sample size for new incidence or 
from a lack of effect. There is some ambiguity as to whether the results are simply 
underpowered or are not there. At the very least, the results from the IV models suggest 
that even if HIV testing may not cause lower HIV incidence, the availability of HIV 
testing causes lower incidence among those who access testing.  
Measuring fertility after learning HIV status in 2004 serves as a rough proxy 
measure for actual sexual behavior. If lower fertility is observed among those who know 
their 2004 HIV test result, this would be powerful supporting evidence for reduced sexual 
behavior, risky or not, and would be consistent with the self-reported risk reducing 
behavior of respondents in the MLSFH. However, lack of a significant reduction in 
fertility does not mean that people have not decreased their risky sexual behavior. 
Reducing the number of sexual partners outside of marriage or using condoms at times 
when fertility is not desired would still reduce risk but is not something we are able to 
measure explicitly in this data. What we can measure is actual fertility after HIV testing 
in 2004. We examine whether or not the respondent had a new child between 2004 and 
2006, excluding pregnancies reported in 2004 (appendix tables 1.A5, 1.A6, and 1.A7). 
There are no statistically significant reductions in fertility in most models. The exception 
is HIV negative women who are 7.7 percentage points less likely to have a child after 
learning HIV status in the non-instrumented probit model. This means that women who 
were likely to pick up HIV test results anyway were also less likely to have a new child in 
the two years following. All other results are non-significant. The conclusion that we can 
45 
draw from these results is that even though people report reduced risky sexual behavior 
after learning HIV status, the effect is not large enough to reduce observed fertility.  
Couples Analysis  
Tables 1.A8 and 1.A9 show OLS and second stage linear instrumental variable 
models predicting divorce, condom use and number of sexual partners at follow-up for 
couples among whom both husband and wife were interviewed as part of the MLSFH in 
2004 and got tested for HIV in 2004. These results are linear at the second stage because 
probit IV models were non-convergent in most model due to the added complexity 
introduced from the need to instrument both the husband’s and wife’s knowledge of HIV 
status. Table 1.A8 gives results for couples in which both are HIV negative. Results 
indicate that there is no effect of the husband, the wife, or the husband and wife both 
learning HIV status on divorce, number of sexual partners or condom use. Table 1.A9 
shows the results for couples in which one or both of the spouses are HIV positive. It is 
difficult to examine the effect of learning HIV status more distinctly for HIV positive 
respondents given the small number of couples in which one spouse is HIV positive and 
both spouses were tested for HIV in 2004. The only significant effects in instrumental 
variable models are for the number of partners the wife has at follow-up. If both the 
husband and wife learn their HIV status the wife is significantly more likely to have an 
additional partner during the year of follow-up. Remembering that women nearly always 
reported either zero or one partner, this result indicates that when both members of a 
couple learn HIV status, the wife is less likely to lose a partner and be alone during the 
follow-up year. There is also some indication from the non-instrumented models that men 
46 
who learned HIV status, regardless of incentives, were slightly less likely to divorce and 
slightly less likely to have an additional partner at follow-up (for men most of the 
variation in reported number of partners lies between one partner, or two or more 
partners). Taken together, this seems to imply a tendency to stay together and support one 
another when faced with an HIV positive status.  
These results may be a true effect or it may be a repercussion of the smaller 
sample size that limits the ability to tease out gender differences in this effect between 
husbands and wives according to who is HIV positive. Table 1.A10 gives descriptive 
information about who divorced according to HIV status and whether one or both 
spouses learned their status in 2004. In table 1.A10 we can see that in discordant couples 
when a wife is HIV positive, the marriage is much more likely to end in a divorce than 
when a husband is HIV positive. The frequencies are small but this suggests that results 
may be much different with a larger, couples based dataset. As suggested by previous 
literature, gender differences in divorce among HIV positive individuals may put women 
at greater disadvantage than men.   
These results may also be driven by the fact that we are only able to examine 
husbands and wives who both participated in the MLSFH, were both tested for HIV, and 
both went to pick up HIV test results. By doing so, we may have introduced selection 
bias once again, by selected only the relationships in which husbands and wives are more 
likely to do things together, such as pick up HIV test results. These couples are 
potentially closer to one another and may be different from other couples in important 
ways such as being less likely to divorce or less likely to have extramarital partners. This 
47 
analysis of couples is most likely less representative than the analysis based on 
individuals in the main portion of the paper. The individual level analysis will include a 
broader range of individuals and relationship styles that may give a more representative 
view on testing and it’s effect on divorce. Overall, this couples based analysis did not 
contradict the main results of the paper although they may be interesting for different 
reasons.  
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(1) (2) (3) (4)
Logit - 
Agreed to 
HIV test
Logit - Ever 
used 
condom 
with spouse
Logit - Ever 
divorced as 
of 2004
OLS - 
Num. of 
partners in 
last 12 
months
Interactions with Attrition:
Male*Attrition -0.271 0.285 0.527 -0.031
(0.454) (0.427) (0.335) (0.069)
Age*Attrition 0.002 0.022 -0.010 -0.000
(0.017) (0.016) (0.013) (0.003)
Region Interactions:
     Rumphi*Attrition -0.914 0.961 -0.470 -0.036
(0.682) (0.602) (0.472) (0.095)
    Balaka*Attrition -1.330* 0.931† -0.758* 0.034
(0.614) (0.510) (0.366) (0.077)
Education Interactions (no educ):
      Primary*Attrition -0.424 -0.607 -0.730† -0.003
(0.552) (0.534) (0.408) (0.086)
      Secondary*Attrition -1.048 -0.281 -1.338† 0.224
(0.797) (0.827) (0.773) (0.145)
Attrition (effect of attrition on constant) 0.945 -0.881 1.355* -0.098
(0.958) (0.854) (0.665) (0.139)
Observations 2,347 2,168 2,424 2,384
Model Wald Chi-Squared 15.92 116.7 343.2 .
Model Wald p-value 0.24 0.00 0.00 .
Pseudo R-squared 0.01 0.06 0.11 .
Adjusted R-squared . . . 0.07
Chi2 test for joint effects of attrition on  
(F test for OLS regression in model 4):
     Constant only 0.97 1.06 4.15* 0.5
[0.324] [0.302] [0.042] [0.478]
     Coefficients only, not constant 7.33 10.39 8.14 0.63
[0.291] [0.109] [0.228] [0.709]
     Constant and coefficients 15.26* 13.69† 9.29 1.67
[0.033] [0.057] [0.233] [0.111]
Table 1.A4     OLS and Logit Models Predicting Key Outcome Variables by Attrition between 
2004 and Follow-up among those married in 2004
Notes: Standard errors in parentheses; numbers in brackets [ ] represent probability > chi2;
 first order effects not shown; ** p < .01; * p < .05; † p< .10 
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Table 1.A5  Non-linear Two Stage Estimator - First stage probit estimates of learning HIV status
(1) (2) (3) (4) (5) (6)
All HIV 
Negative
HIV 
Negative 
Women
HIV 
Negative 
Men
HIV 
Negative 
Women
HIV 
Negative 
Men
All HIV 
Positive
     10-50 Kwacha 0.932** 0.870** 1.046** 0.850** 1.057** 0.763*
(0.104) (0.138) (0.158) (0.122) (0.139) (0.341)
     60-100 Kwacha 1.245** 1.338** 1.137** 1.401** 1.220** 2.102**
(0.107) (0.131) (0.167) (0.122) (0.158) (0.384)
     110-200 Kwacha 1.603** 1.622** 1.600** 1.601** 1.641** 1.890**
(0.112) (0.140) (0.174) (0.131) (0.164) (0.379)
     210-300 Kwacha 1.932** 1.901** 2.028** 1.844** 1.823** 1.511**
(0.170) (0.205) (0.266) (0.167) (0.180) (0.410)
Distance to HTC (km) -0.251+ -0.317+ -0.145 -0.322† -0.043 -0.952*
(0.149) (0.175) (0.177) (0.166) (0.164) (0.376)
Distance to HTC squared 0.036 0.044 0.022 0.047 -0.003 0.208**
(0.027) (0.032) (0.032) (0.031) (0.027) (0.077)
Observations 1,685 987 698 1,110 836 152
Psuedo R-squared 0.206 0.206 0.215 0.210 0.207 0.277
Wald Chi-Squared 273.8 204.0 140.7 273.1 188.5 67.3
p-value 0.000 0.000 0.000 0.000 0.000 0.000
HIV incidence after 2004
Notes: Robust standard errors clustered by village are in parentheses. Covariates for all fertility models include age, 
region of residence, education and a dummy for gender in the HIV positive models. Covariates for HIV incidence 
models include same excluding education due to non-convergance, and gender included in combined HIV negative 
model.  ** p < .01; * p < .05; † p< .10
Birth of a new child 2004-2006
Incentive Amount (relative to no incentive)
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(1) (2) (3) (4) (5) (6)
All HIV 
Negative
HIV 
Negative 
Women
HIV 
Negative 
Men
HIV 
Negative 
Women
HIV 
Negative 
Men
All HIV 
Positive
0.999** 1.000** 0.996** 1.003** 1.001** 0.977**
(0.055) (0.068) (0.082) (0.057) (0.070) (0.118)
age2004 -0.000 -0.000 -0.000 -0.000 -0.000 -0.002
(0.001) (0.001) (0.001) (0.001) (0.001) (0.003)
Region (relative to Mchinji - central)
     Rumphi 0.000 0.001 0.000 -0.000 0.002 0.006
(0.034) (0.038) (0.046) (0.036) (0.045) (0.106)
     Balaka -0.003 -0.003 -0.001 -0.002 0.000 -0.003
(0.030) (0.037) (0.040) (0.037) (0.037) (0.073)
Education (relative to no education)
     Primary 0.002 -0.001 -0.021
(0.029) (0.042) (0.086)
     Secondary -0.001 -0.002 -0.027
(0.063) (0.058) (0.174)
Male 0.004 0.078
(0.018) (0.075)
Observations 1,685 987 698 1,110 836 152
R-squared 0.241 0.242 0.248 0.252 0.253 0.323
F-statistic 71.41 68.57 42.48 63.40 41.34 17.45
Table 1.A6  Non-linear Two Stage Estimator (between first and second stages) - Estimates for learning HIV status 
using predicted value of learning HIV status as instrument (from first stage probit estimation)
Notes: Robust standard errors clustered by village are in parentheses. OLS coefficients reported for all outcomes.         
** p < .01; * p < .05; † p< .10
HIV incidence after 2004 Birth of a new child 2004-2006
Predicted Probability of Learning 
HIV Status (as instrument)
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Panel A: HIV incidence after 2004 (1) (2) (3) (4) (5) (6)
Probit - All 
HIV 
Negative
IV - All 
HIV 
Negative
Probit - 
HIV 
Negative 
Women
IV - HIV 
Negative 
Women
Probit - 
HIV 
Negative 
Men
IV - HIV 
Negative 
Men
Learned HIV Status -0.020** 0.002 -0.021** -0.014 -0.018* 0.027
(0.006) (0.018) (0.008) (0.023) (0.009) (0.044)
Age in 2004 -0.000+ -0.001+ -0.000 -0.000 -0.000 -0.001
(0.000) (0.000) (0.000) (0.000) (0.000) (0.001)
Region (relative to Mchinji - central)
     Rumphi - north -0.005 -0.002 -0.014 -0.013 0.006 0.016
(0.010) (0.010) (0.016) (0.015) (0.014) (0.017)
     Balaka - south 0.032** 0.032** 0.036** 0.035** 0.028* 0.038+
(0.011) (0.012) (0.014) (0.014) (0.014) (0.023)
Male -0.005 -0.006
(0.006) (0.006)
Observations 1,685 1,685 987 987 698 698
Panel B: New birth from 2004-2006 (7) (8) (9) (10) (11) (12)
Probit - 
HIV 
Negative 
Women
IV - HIV 
Negative 
Women
Probit - 
HIV 
Negative 
Men
IV - HIV 
Negative 
Men
Probit - All 
HIV 
Positive
IV - All 
HIV 
Positive
Learned HIV Status -0.077* -0.074 -0.011 -0.116† 0.027 0.098
(0.030) (0.069) (0.041) (0.069) (0.088) (0.124)
Age in 2004 -0.022** -0.022** -0.015** -0.014** -0.015** -0.015**
(0.001) (0.001) (0.001) (0.001) (0.004) (0.004)
Region (relative to Mchinji - central)
     Rumphi - north -0.038 -0.037 0.005 -0.006 0.005 0.024
(0.035) (0.035) (0.044) (0.045) (0.107) (0.107)
     Balaka - south 0.020 0.020 0.062 0.056 0.073 0.080
(0.033) (0.033) (0.043) (0.043) (0.082) (0.081)
Education (relative to no education)
     Primary -0.039 -0.039 -0.034 -0.039 -0.188† -0.188†
(0.029) (0.031) (0.046) (0.044) (0.112) (0.112)
     Secondary -0.050 -0.049 -0.085 -0.099 0.021 0.029
(0.078) (0.083) (0.063) (0.063) (0.183) (0.182)
Male 0.331** 0.325**
(0.068) (0.070)
Observations 1,110 1,110 836 836 152 152
Notes: Robust standard errors clustered by village are in parentheses. Education excluded from HIV incidence models 
due to non-convergence. ** p < .01; * p < .05; † p< .10
Table 1.A7  Non-linear Two Stage Estimator - Second stage probit estimates predicting HIV incidence after 2004 and 
the birth of a new child between 2004 and 2006
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No (%) Yes (%) Total
All Couples: 
Both HIV negative 775 97.4 21 2.6 796
Discordant couple - wife HIV+ 27 75.0 9 25.0 36
Discordant couple - husband HIV+ 28 96.6 1 3.5 29
Both HIV positive 13 100.0 0 0.0 13
Total 843 96.5 31 3.6 874
When wife knows HIV status:
Both HIV negative 583 97.8 13 2.2 596
Discordant couple - wife HIV+ 21 84.0 4 16.0 25
Discordant couple - husband HIV+ 19 95.0 1 5.0 20
Both HIV positive 9 100.0 0 0.0 9
Total 632 97.2 18 2.8 650
When husband knows HIV status:
Both HIV negative 441 98.4 7 1.6 448
Discordant couple - wife HIV+ 10 83.3 2 16.7 12
Discordant couple - husband HIV+ 18 94.7 1 5.3 19
Both HIV positive 9 100.0 0 0.0 9
Total 478 98.0 10 2.1 488
Among Couples who both know HIV status:
Both HIV negative 385 98.5 6 1.5 391
Discordant couple - wife HIV+ 10 83.3 2 16.7 12
Discordant couple - husband HIV+ 14 93.3 1 6.7 15
Both HIV positive 7 100.0 0 0.0 7
Total 416 97.9 9 2.1 425
Table 1.A10     Divorce by Couple HIV Status and Knowledge of HIV Status
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Outcomes: 
(1) (2) (3) (4) (5) (6)
Probit IV Probit OLS IV Reg Probit IV Probit
Learned HIV Status -0.028† -0.019 0.055* 0.085* 0.033 0.155*
(0.015) (0.031) (0.023) (0.039) (0.028) (0.072)
Age in 2004 -0.001 -0.001 -0.002† -0.002† -0.006** -0.006**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Region (relative to Mchinji - central)
     Rumphi - north -0.020 -0.023 -0.004 -0.001 0.132** 0.128**
(0.014) (0.018) (0.020) (0.019) (0.042) (0.038)
     Balaka - south 0.040** 0.039** 0.004 0.005 0.055 0.049
(0.014) (0.013) (0.024) (0.023) (0.034) (0.033)
Education (relative to no education)
     Primary 0.011 0.013 0.026 0.029 0.041 0.053
(0.013) (0.015) (0.024) (0.024) (0.030) (0.032)
     Secondary 0.047 0.040 0.046 0.053 0.112 0.123*
(0.046) (0.029) (0.036) (0.035) (0.078) (0.062)
Observations 1,008 1,008 1,004 1,004 758 758
** p < .01; * p < .05; † p< .10
Notes: Robust standard errors clustered by village are in parentheses. Marginal effects are reported for all binary outcomes, OLS 
coefficients reported for the continuous outcome (model 4, number of sexual partners in year of follow-up). For model 4 the 
value of Sargan's Chi-squared overidentification test is 8.28 with a p-value of 0.141 and the value of Wooldridge's robust score 
test of endogeneity is 0.96 with a p-value of 0.328.
Table 1.A12  Second stage estimates for HIV negative women (former main analysis)
Divorced after 2004 Increase in condom use Number of sexual 
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Outcomes: 
(1) (2) (3) (4) (5) (6)
Probit IV Probit OLS IV Reg Probit IV Probit
Learned HIV Status 0.015 0.031 -0.063 -0.040 0.066* 0.028
(0.013) (0.037) (0.052) (0.103) (0.033) (0.078)
Age in 2004 -0.001* -0.002* -0.002 -0.002 -0.006** -0.006**
(0.001) (0.001) (0.002) (0.002) (0.001) (0.001)
Region (relative to Mchinji - central)
     Rumphi - north -0.003 -0.002 0.188* 0.191** 0.103* 0.093*
(0.018) (0.020) (0.072) (0.072) (0.044) (0.039)
     Balaka - south 0.004 0.005 0.130† 0.130† 0.038 0.037
(0.016) (0.018) (0.067) (0.067) (0.036) (0.034)
Education (relative to no education)
     Primary 0.021 0.026 -0.059 -0.058 -0.051 -0.052
(0.016) (0.021) (0.092) (0.091) (0.050) (0.046)
     Secondary 0.020 0.022 -0.116 -0.112 -0.027 -0.037
(0.029) (0.024) (0.124) (0.125) (0.062) (0.070)
Observations 775 775 750 750 595 595
Divorced after 2004 Number of sexual 
** p < .01; * p < .05; † p< .10
Notes: Robust standard errors clustered by village are in parentheses. Marginal effects are reported for all binary outcomes, OLS 
coefficients reported for the continuous outcome (model 4, number of sexual partners in year of follow-up). For model 4 the 
value of Sargan's Chi-squared overidentification test is 9.78 with a p-value of 0.771 and the value of Wooldridge's robust score 
Table 1.A13  Second stage estimates for HIV negative men (former main analysis)
Increase in condom use 
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Outcome:
(1) (2) (3) (4) (5) (6)
Probit IV Probit OLS IV Reg Probit IV Probit
Learned HIV Status -0.136† -0.065 -0.084 -0.350† 0.151 0.388†
(0.074) (0.157) (0.124) (0.181) (0.098) (0.222)
Male -0.078 -0.078 0.513** 0.529** 0.286* 0.247**
(0.073) (0.079) (0.156) (0.147) (0.128) (0.090)
Age in 2004 -0.004 -0.005 -0.009† -0.008 -0.012† -0.011*
(0.004) (0.005) (0.005) (0.005) (0.007) (0.005)
Region (relative to Mchinji - central)
     Rumphi - north -0.002 0.014 0.276* 0.205 0.213 0.246*
(0.115) (0.127) (0.133) (0.141) (0.145) (0.101)
     Balaka - south 0.002 0.004 0.215† 0.203 -0.097 -0.061
(0.077) (0.079) (0.124) (0.131) (0.128) (0.100)
Education (relative to no education)
     Primary 0.024 0.030 0.000 -0.010 -0.124 -0.114
(0.092) (0.092) (0.091) (0.088) (0.208) (0.176)
     Secondary 0.048 0.057 -0.083 -0.117 -0.251* -0.343
(0.204) (0.186) (0.298) (0.296) (0.100) (0.242)
Observations 106 106 113 113 74 74
Table 1.A14  Second stage estimates for HIV positive for men and women combined (former main analysis)
Notes: Robust standard errors clustered by village are in parentheses. Marginal effects reported for all binary outcomes, OLS 
coefficients reported for continuous outcome (model 4, number of sexual partners in year of follow-up). For model 4 the value of 
Sargan's Chi-squared overidentification test is 4.15 with a p-value of 0.528 and the value of Wooldridge's robust score of 
endogeneity is 3.27 with a p-value of 0.076. ** p < .01; * p < .05; † p< .10
Divorced after 2004 Number of sexual Increase in condom use 
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Outcomes: 
(1) (2) (3) (4) (5) (6)
OLS IV Reg OLS IV Reg OLS IV Reg 
Learned HIV Status -0.030† -0.019 0.055* 0.085* 0.033 0.164*
(0.016) (0.028) (0.023) (0.039) (0.032) (0.069)
Age in 2004 -0.001† -0.001† -0.002† -0.002† -0.005** -0.005**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Region (relative to Mchinji - central)
     Rumphi - north -0.018 -0.018 -0.004 -0.001 0.125** 0.132**
(0.014) (0.015) (0.020) (0.019) (0.038) (0.039)
     Balaka - south 0.048** 0.048** 0.004 0.005 0.047† 0.044
(0.014) (0.014) (0.024) (0.023) (0.027) (0.027)
Education (relative to no education)
     Primary 0.017 0.018 0.026 0.029 0.028 0.041
(0.015) (0.015) (0.024) (0.024) (0.028) (0.027)
     Secondary 0.042 0.044 0.046 0.053 0.107 0.139†
(0.036) (0.036) (0.036) (0.035) (0.072) (0.077)
Observations 1,008 1,008 1,004 1,004 758 758
Notes: Robust standard errors clustered by village are in parentheses. Marginal effects are reported for all binary 
outcomes, OLS coefficients reported for the continuous outcome (model 4, number of sexual partners in year of 
follow-up). For model 4 the value of Sargan's Chi-squared overidentification test is 8.28 with a p-value of 0.141 and 
the value of Wooldridge's robust score test of endogeneity is 0.96 with a p-value of 0.328.
** p < .01; * p < .05; † p< .10
Table 1.A15  Second stage estimates for HIV negative women -- OLS and IV Reg
Divorced after 2004
Number of sexual 
partners  in year of follow-
up (continuous)
Increase in condom use 
with spouse/partner after 
2004
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Outcomes: 
(1) (2) (3) (4) (5) (6)
OLS IV Reg OLS IV Reg OLS IV Reg 
Learned HIV Status 0.018 0.033 -0.063 -0.040 0.072* 0.039
(0.015) (0.032) (0.052) (0.103) (0.036) (0.075)
Age in 2004 -0.001* -0.002* -0.002 -0.002 -0.006** -0.005**
(0.001) (0.001) (0.002) (0.002) (0.001) (0.001)
Region (relative to Mchinji - central)
     Rumphi - north -0.002 -0.000 0.188* 0.191** 0.095* 0.092*
(0.020) (0.020) (0.072) (0.072) (0.038) (0.038)
     Balaka - south 0.007 0.008 0.130† 0.130† 0.032 0.032
(0.019) (0.019) (0.067) (0.067) (0.031) (0.031)
Education (relative to no education)
     Primary 0.022 0.023 -0.059 -0.058 -0.045 -0.047
(0.016) (0.016) (0.092) (0.091) (0.046) (0.045)
     Secondary 0.020 0.022 -0.116 -0.112 -0.016 -0.023
(0.021) (0.021) (0.124) (0.125) (0.074) (0.075)
Observations 775 775 750 750 595 595
Notes: Robust standard errors clustered by village are in parentheses. Marginal effects are reported for all binary 
outcomes, OLS coefficients reported for the continuous outcome (model 4, number of sexual partners in year of 
follow-up). For model 4 the value of Sargan's Chi-squared overidentification test is 9.78 with a p-value of 0.771 and 
the value of Wooldridge's robust score test of endogeneity is 0.08 with a p-value of 0.771.
** p < .01; * p < .05; † p< .10
Table 1.A16  Second stage estimates for HIV negative men -- OLS and IV Reg 
Divorced after 2004
Number of sexual 
partners in year of  follow-
up (continuous)
Increase in condom use 
with spouse/partner after 
2004
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Outcome:
(1) (2) (3) (4) (5) (6)
OLS IV Reg OLS IV Reg OLS IV Reg 
Learned HIV Status -0.142† -0.082 -0.084 -0.350† 0.162 0.277
(0.074) (0.117) (0.124) (0.181) (0.109) (0.171)
Male -0.077 -0.075 0.513** 0.529** 0.279* 0.286*
(0.075) (0.072) (0.156) (0.147) (0.125) (0.119)
Age in 2004 -0.004 -0.005 -0.009† -0.008 -0.011† -0.012*
(0.004) (0.004) (0.005) (0.005) (0.006) (0.006)
Region (relative to Mchinji - central)
     Rumphi - north 0.000 0.018 0.276* 0.205 0.211 0.243*
(0.113) (0.116) (0.133) (0.141) (0.135) (0.121)
     Balaka - south -0.002 -0.000 0.215† 0.203 -0.090 -0.086
(0.077) (0.076) (0.124) (0.131) (0.123) (0.115)
Education (relative to no education)
     Primary 0.021 0.024 0.000 -0.010 -0.105 -0.106
(0.095) (0.087) (0.091) (0.088) (0.184) (0.185)
     Secondary 0.054 0.066 -0.083 -0.117 -0.345 -0.338
(0.189) (0.185) (0.298) (0.296) (0.233) (0.227)
Observations 106 106 113 113 74 74
Notes: Robust standard errors clustered by village are in parentheses. Marginal effects reported for all binary 
outcomes, OLS coefficients reported for continuous outcome (model 4, number of sexual partners in year of follow-
up). For model 4 the value of Sargan's Chi-squared overidentification test is 4.15 with a p-value of 0.528 and the 
value of Wooldridge's robust score of endogeneity is 3.27 with a p-value of 0.076. ** p < .01; * p < .05; † p< .10
Number of sexual 
partners  in year of follow-
up (continuous)
Increase in condom use 
with spouse/partner after 
2004
Divorced after 2004
Table 1.A17  Second stage estimates HIV positive for men & women combined, OLS & IV Reg
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Outcomes: 
(1) (2) (3) (4) (5) (6)
OLS IV Reg OLS IV Reg OLS IV Reg 
Learned HIV Status -0.012 -0.009 0.042* 0.027 0.038 0.150+
(0.012) (0.035) (0.022) (0.030) (0.034) (0.082)
Age in 2004 0.000 0.000 -0.000 -0.000 -0.004* -0.004*
(0.001) (0.001) (0.001) (0.001) (0.002) (0.002)
Region (relative to Mchinji - central)
     Rumphi - north -0.000 0.000 -0.006 -0.006 0.127** 0.124**
(0.015) (0.020) (0.021) (0.021) (0.049) (0.044)
     Balaka - south 0.050* 0.052** -0.008 -0.008 0.050 0.044
(0.020) (0.018) (0.024) (0.024) (0.042) (0.040)
Education (relative to no education)
     Primary 0.021* 0.033+ 0.041** 0.039** 0.044 0.054
(0.010) (0.017) (0.018) (0.019) (0.035) (0.038)
     Secondary 0.064 0.052* 0.054* 0.052 0.088 0.096
(0.048) (0.026) (0.031) (0.032) (0.085) (0.070)
Number of Children in 2004 -0.003 -0.004 0.001 0.001 0.011 0.011
(0.003) (0.004) (0.004) (0.003) (0.010) (0.011)
Marriage Duration as of 2004 0.002* 0.002 0.002 0.002 0.007 0.007
(0.001) (0.002) (0.002) (0.002) (0.004) (0.004)
Observations 778 778 771 771 608 608
Table 1.A21  Second stage estimates for HIV negative women, controlling for marriage duration and number of children 
Divorced after 2004
Number of sexual 
partners  in year of follow-
up (continuous)
Increase in condom use 
with spouse/partner after 
2004
Notes: Robust standard errors clustered by village are in parentheses.  All models also control for age in 2004, region, 
and education. ** p < .01; * p < .05; † p< .10
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Outcomes: 
(1) (2) (3) (4) (5) (6)
OLS IV Reg OLS IV Reg OLS IV Reg 
Learned HIV Status 0.006 0.014 -0.045 -0.047 0.069* 0.060
(0.008) (0.034) (0.056) (0.102) (0.032) (0.075)
Age in 2004 0.000 0.000 0.008** 0.001** -0.007** -0.007**
(0.000) (0.001) (0.003) (0.003) (0.002) (0.002)
Region (relative to Mchinji - central)
     Rumphi - north -0.010 -0.020 0.173* 0.173* 0.090* 0.085*
(0.010) (0.019) (0.073) (0.072) (0.042) (0.039)
     Balaka - south -0.002 -0.004 0.126+ 0.126+ 0.039 0.038
(0.008) (0.016) (0.070) (0.069) (0.037) (0.035)
Education (relative to no education)
     Primary 0.006 0.013 -0.030 -0.031 -0.060 -0.059
(0.008) (0.017) (0.106) (0.105) (0.057) (0.052)
     Secondary 0.004 0.007 -0.125 -0.126 -0.029 -0.033
(0.013) (0.020) (0.139) (0.141) (0.064) (0.073)
Number of Children in 2004 -0.004* -0.009* -0.028* -0.028** 0.011 0.011
(0.002) (0.004) (0.011) (0.011) (0.009) (0.009)
Marriage Duration as of 2004 0.002* 0.004* 0.012** 0.012** 0.002 0.001
(0.001) (0.002) (0.004) (0.004) (0.003) (0.003)
Observations 686 686 665 665 567 567
Table 1.A22  Second stage estimates for HIV negative men, controlling for marriage duration and number of children 
Divorced after 2004
Number of sexual 
partners  in year of follow-
up (continuous)
Increase in condom use 
with spouse/partner after 
2004
Notes: Robust standard errors clustered by village are in parentheses.  All models control for age in 2004, region, and 
education. ** p < .01; * p < .05; † p< .10
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Outcomes: 
(1) (2) (3) (4) (5) (6)
OLS IV Reg OLS IV Reg OLS IV Reg 
Learned HIV Status -0.145+ -0.071  -0.097  -0.414+ 0.138 0.310
(0.080) (0.171) (0.138)   (0.232) (0.105) (0.298)
Age in 2004 -0.005 -0.005  -0.005**  -0.003 -0.013* -0.012**
(0.005) (0.005) (0.006) (0.006) (0.006) (0.004)
Male -0.070 -0.065 0.482   0.473** 0.309* 0.277**
(0.073) (0.079) (0 .151)  (0.138) (0.129) (0.092)
Region (relative to Mchinji - central)
     Rumphi - north 0.020 0.035 0.262+ 0.192 0.207 0.209*
(0.142) (0.144) (0.153)   (0.155) (0.141) (0.098)
     Balaka - south -0.002 0.003 0.289* 0.274* -0.118 -0.088
(0.100) (0.100) (0.137)  (0.136) (0.132) (0.104)
Education (relative to no education)
     Primary 0.062 0.071  -0.008  -0.018 -0.189 -0.164
(0.092) (0.101) (0.109) (0.103) (0.232) (0.180)
     Secondary -0.011 -0.004  0.122  0.081 -0.261** -0.390
(0.207) (0.220) (0.354)   (0.349) (0.087) (0.249)
Number of Children in 2004 -0.052* -0.050* 0.049 0 .044 0.032 0.032
(0.025) (0.024) (0.044) (0 .045) (0.033) (0.027)
Marriage Duration as of 2004 -0.010 -0.009 0.001 0.000 -0.003 -0.000
(0.009) (0.008) (0 .009)   (0.010) (0.009) (0.008)
Observations 91 91 96 96 70 70
Table 1.A23  Second stage estimates for HIV positive, controlling for marriage duration and number of children 
Divorced after 2004
Number of sexual 
partners  in year of follow-
up (continuous)
Increase in condom use 
with spouse/partner after 
2004
Notes: Robust standard errors clustered by village are in parentheses. Marginal effects are reported for all binary 
outcomes, OLS coefficients reported for the continuous outcome (model 4, number of sexual partners in year of follow-
up). ** p < .01; * p < .05; † p< .10
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Mean Std Dev Mean Std Dev Mean Std Dev
Panel A: Characteristics of outcomes
Divorced between 2004 and follow-up 0.23 0.43 0.12 0.33 0.19 0.39
  Observations 64 42 106
Number of Sexual Partners in follow-up year
     Zero 0.233 0.025 0.159
     One 0.753 0.850 0.788
     Two 0.000 0.050 0.018
     Three 0.014 0.050 0.027
     Four or More 0.000 0.025 0.009
  Observations 73 40 113
Increase in Condom Use with Spouse 0.21 0.41 0.39 0.50 0.28 0.45
  Observations 43 31 74
Returned for HIV Results/Know HIV Status 0.64 0.48 0.64 0.48 0.64 0.48
Incentive Amount Offered
     None 0.25 0.44 0.33 0.48 0.28 0.45
     10-50 Kwacha 0.22 0.42 0.12 0.33 0.18 0.39
     60-100 Kwacha 0.19 0.39 0.21 0.42 0.20 0.40
     110-200 Kwacha 0.20 0.41 0.17 0.38 0.19 0.39
     210-300 Kwacha 0.14 0.35 0.17 0.38 0.15 0.36
Distance to HTC center 1.85 1.26 1.87 1.49 1.86 1.35
Age 31.80 8.96 41.69 9.59 35.72 10.38
Region
     Mchinji (center) 0.23 0.43 0.33 0.48 0.27 0.45
     Balaka (south) 0.52 0.50 0.38 0.49 0.46 0.50
     Rumphi (north) 0.25 0.44 0.29 0.46 0.26 0.44
Education: 
     No Education 0.30 0.46 0.12 0.33 0.23 0.42
     Primary 0.66 0.48 0.76 0.43 0.70 0.46
     Secondary or more 0.05 0.21 0.12 0.33 0.08 0.27
Observations 64 42 106
Told Spouse HIV status 0.47 0.50 0.67 0.48 0.54 0.50
  Observations 58 33 91
Table 1.A24  Detailed Descriptive statistics for HIV positive
HIV positive women HIV positive men HIV positive
Panel B: Characteristics of other variables
72 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mean Std Dev Mean Std Dev Mean Std Dev
Panel A: other outcome variables
Fertility - Birth of a new child, 2004-2006 0.45 0.50 0.45 0.50 0.47 0.50
  Observations 1,110 836 152
New Incidence of HIV after 2004 0.02 0.15 0.01 0.12 - -
  Observations 987 698
Number of Children in 2004 4.32 3.02 4.15 3.03 2.67 2.43
     Observations 954 760 134
Year of Marriage 1990.30 9.63 1990.51 9.95 1994.69 7.38
     Observations 833 731 129
Told Spouse HIV status 0.70 0.46 0.74 0.44 0.54 0.50
  Observations 937 678 91
Panel C: Respondent learned HIV status outside of MLSFH between 2004 and follow-up survey?
No (%) Yes (%) t-test p-value
Incentive Amount:
     No Incentive 403 23.7 53 28.3 -1.41 0.16
     1-50 MK 338 19.9 27 14.4 1.78 0.07
     51-100 MK 324 19.0 49 26.2 -2.34 0.02
     101-200 MK 396 23.3 40 21.4 0.58 0.56
     201-300 MK 241 14.2 18 9.6 1.71 0.09
Total 1,702 90.1 187 9.9
Panel B: other variables
Table 1.A25  Other descriptive statistics
HIV negative women HIV negative men HIV positive
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CHAPTER 2: Changing Attitudes towards HIV Prevention, HIV Risk and a 
Woman’s Right to Protect Against HIV Risk: The Effect of HIV Prevention 
Programs 
 
Introduction  
A fair amount of pessimism exists concerning the effectiveness of behavioral 
interventions and education programs in response to the HIV/AIDS epidemic in sub-
Saharan Africa. This is largely because it is often quite difficult to measure the positive 
effects of such programs. As a result, HIV prevention research has increasingly become 
focused on biomedical interventions that are able to show encouraging, concrete results 
(Behrman and  Kohler 2011; Grinstead et al. 2001; Kippax and  Stephenson 2012; Padian 
et al. 2010; Stoneburner and Low-Beer 2004). This line of thinking is certainly 
justifiable, but it sometimes overlooks the necessity of continued focus on behavioral 
change programs and their important role in HIV prevention efforts, even if the ability to 
measure the results of such programs in terms of reduced risky behavior is sometimes 
quite difficult and in terms of actual reduced HIV incidence is nearly impossible. 
However, previous work has convincingly argued that the pace of change for sexual risk 
reducing behavior in sub-Saharan Africa is actually very good, but that previous 
expectations have simply been unrealistic for a change that requires such broad cultural 
shifts in attitudes towards sexuality and sexual behavior (Cleland and  Ali 2006). Others 
have also argued that behavioral interventions are crucial, even if finding concrete 
evidence of reduced risky sexual behavior and incidence rates of HIV is difficult (Kippax 
and Stephenson 2012). In this paper, I propose that even in programs that do not find 
large behavioral changes in response to prevention programs, there may still be often 
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unobserved benefits in the form of changing attitudes and beliefs toward HIV prevention 
and HIV risk perception. These attitudinal changes are essential precursors to wide-scale 
behavioral changes. Changes in sexual practices may first require changes in deeply 
rooted beliefs about sexuality and sexual behavior, making shifting attitudes potentially 
an important first measurable step towards reducing HIV risk.  
Changing patterns of culturally dominant beliefs towards sexual behavior may 
also involve changing attitudes towards women’s rights in sexual relationships. This has 
been suggested and documented in some previous research exploring changing ways in 
which women navigate HIV risk (Schatz 2005; Smith and Watkins 2005). Changing 
attitudes towards women’s rights within sexual relationships may be influenced by HIV 
risk prevention programs, at least in so far as a woman’s ability to make choices in her 
sexual relationships affects her ability to lower her HIV risk. In this paper I explore how 
an HIV prevention program may have influenced attitudes towards condom use for HIV 
prevention and personal HIV risk perception, as well as attitudes towards a woman’s 
right to protect herself against HIV risk. 
 
Background 
Mixed evidence exists in terms of the effectiveness of voluntary counseling and 
testing, condom promotion and other programs designed to reduce risky sexual behavior 
(Behrman and  Kohler 2011; Grinstead et al. 2001; Padian et al. 2010; Stoneburner 
and Low-Beer 2004). Randomized control trials (RCTs) are one particular line of HIV 
prevention research that have not generally found significant reductions in HIV incidence 
in response to participation (Corbett et al. 2007; Jewkes et al. 2008; Kamali et al. 2003; 
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Kamb et al. 1998; Patterson et al. 2008). The most successful results found in RCTs are 
generally for biomedical interventions such as male circumcision, STI treatment or 
vaccines (Padian et al. 2010). Several potential reasons have been suggested for the lack 
of significant reductions in HIV incidence in behavioral trials. Many studies lack the 
necessary statistical power required to find an effect on HIV incidence, sometimes 
stemming from an inability to accurately estimate expected incidence prior to 
implementation of a RCT (Lagakos and Gable 2008; Padian et al. 2010). There is also 
sometimes too much overlap of the intervention with the control group, which essentially 
suppresses the ability of researchers to see any positive change even if it is there (Padian 
et al. 2010). Low uptake and low adherence to participation are also common problems, 
meaning that there are sometimes low participation rates and those who do participate 
may not stay for the whole trial (Lagakos and Gable 2008; Padian et al. 2010; Ross 
2010).   
In the case of HIV prevention programs focused on providing information about 
behavioral changes that can lower personal HIV risk, the line between intervention and 
control group may be particularly blurred if participants are likely to share information 
they find important with friends and family, which is most likely often the case in HIV 
endemic communities. Furthermore, the real goal of HIV behavioral prevention programs 
is presumably to distribute useful information to the community at large, making 
increased prevention behavior and reductions in HIV incidence quite difficult to attribute 
or directly link to the prevention program itself. 
Given these potential limitations excessive pessimism towards the potential for 
behavioral change may be unwarranted. Returning to the difficulty in measuring 
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reductions in HIV incidence, the lack of significant effects may stem from the inability to 
obtain funding for very large sample sizes and constructing study designs that enable 
researchers to see the benefits of behavioral interventions in the context of RCTs. In fact, 
many of the same studies that did not find an effect on reducing HIV incidence still found 
effects for other outcomes that change more frequently within a population than HIV 
status changes. Reductions in risky behavior and in incidences of other sexually 
transmitted illnesses (STIs) were found in several RCTs, many of which are the same 
studies that found no effect on HIV incidence (Branson et al. 1998; Jewkes et al. 2008; 
Kamali et al. 2003; Kamb et al. 1998). Furthermore, in select populations with both 
extremely high HIV incidence and high individual risk of contracting HIV, a handful of 
RCTs of behavioral interventions have found significant reductions in new HIV 
incidence. For example, one study of men who have sex with men in the United States 
found lower HIV incidence, as well as less unprotected sex with HIV positive partners 
and partners with unknown HIV status (Koblin et al. 2004). Another RCT of female sex 
workers in Mexico also found reductions in cumulative STI incidence (HIV, syphilis, 
gonorrhea and chlamydia), as well as reductions in reported unprotected sex (Patterson et 
al. 2008).   
Behavioral change for HIV prevention in many sub-Saharan African countries 
also may involve changing deeply rooted cultural attitudes towards relationships, 
sexuality and sexual practices (Maticka-Tyndale 2012). Given the depth and complicated 
cultural processes involved in wide-scale behavioral change as a response to HIV/AIDS 
risk, measurement of actual behavioral change may be an incomplete assessment of the 
full range of changes occurring in response to HIV/AIDS. In reality, it is possible that 
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shifts in attitudes and beliefs towards HIV/AIDS and its prevention may be occurring 
much more broadly than behavioral change, providing a more positive outlook on the 
success of programs and policies aimed at reducing HIV risk. Furthermore, changes in 
attitudes and beliefs can be seen as a precursor to behavioral changes.  Several studies 
have made a clear connection between beliefs and behavior, finding that beliefs moderate 
behavior (Riley and Baah-Odoom 2012; Rimal et al. 2009). Therefore, changes in beliefs 
and attitudes towards HIV/AIDS could possibly be seen as a usually unmeasured benefit 
of many HIV prevention programs.  
If we assume that changing beliefs and attitudes are a prerequisite to behavioral 
change, then even when there is not a measurable difference in sexual behavior directly 
after a prevention program, there may still be positive effects that could accumulate over 
time in the form of broader cultural changes in beliefs surrounding sexual practices. In 
particular, attitudes towards a woman’s right to protect against HIV risk may be an 
important step in increasing women’s agency when it comes to protection against HIV, as 
well as in prevention behavior that may not be measurable in terms of direct sexual 
behavior. This may be particularly true if prevention programs influence women’s own 
attitudes about their ability and right to take steps to protect themselves against HIV risk. 
For example, Schatz (2005) found that women in Malawi have found ways to protect 
themselves through culturally appropriate forms, such as discussing the dangers of 
HIV/AIDS with their husbands, confronting mistresses and using social networks for 
advice. Furthermore, Smith and Watkins (2005) point out that many of these types of 
behaviors are not picked up on in studies evaluating behavioral change because they are 
not behaviors that are as easily linked to direct sexual behavior or HIV incidence rates. 
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Furthermore, Smith and Watkins (2005) link less worry about HIV infection over time in 
Malawi to changes that Malawians have made in their HIV prevention behavior.  
As part of the Malawi Longitudinal Study of Families and Health (MLSFH), a 
behavioral intervention program was conducted from 2006 to 2008. The program, called 
the Malawi Incentives Project, involved conditional cash transfers to incentivize 
respondents to reduce risky sexual behavior after counseling participants on safe sexual 
practices. The goal of this study is to compare HIV negative respondents who were part 
of the MLSFH incentives project to those who were not offered participation in the 
incentives project in order to assess differences in attitudes towards condom use for HIV 
prevention, personal HIV risk perception and worry, as well as attitudes towards a 
woman’s right to protect herself against HIV risk. 
 
Data and Methods 
The Malawi Incentives Project (also referred to as the sex diaries project) was 
administered to a subsample of the Malawi Longitudinal Study of Families and Health 
(MLSFH). The MLSFH is a longitudinal study in Malawi that began in 1998 and was 
repeated in five subsequent waves: 2001, 2004, 2006, 2008 and 2010. In 1998, the 
MLSFH randomly selected households from which to interview ever-married women and 
their husbands in three rural regions of Malawi: Rumphi in the north, Mchinji in the 
central region and Balaka in the south. In the 2004 wave of the MLSFH, an additional 
sample of adolescent men and women between 14 and 24 years of age were added to 
refresh the original sample. After the 2006 wave of the MLSFH, participants in the 
Malawi Incentives Project were selected randomly from those who were both interviewed 
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in 2006 and agreed to an HIV test in 2006. The majority of the 2006 sample, 92 percent, 
agreed to an HIV test. The incentives project also oversampled HIV sero-discordant 
couples. Of those who were offered participation in the incentives project, 93 percent 
accepted.   
One or two months after the MLSFH 2006 survey the incentives participants were 
offered financial incentives to maintain their HIV status for approximately one year (until 
the third round of incentives interviews). The incentives were offered randomly in the 
amounts of zero incentive, 500 Kwacha or 2,000 Kwacha for each individual (zero, $4, or 
$16 US dollars for each individual). This was a very substantial amount for survey 
participants, many of who were subsistence farmers. The GNI per capita in Malawi in 
2007 was $250 per year (World Bank 2014). The incentives interviews were conducted 
four times in total and consisted of counseling on how to protect against HIV along with 
an in-depth survey interview referred to as a sexual diary. The sexual diary consisted of 
information about the respondent’s sexual behavior in the ten days prior to interview. The 
four incentives interviews/sexual diaries were collected in the following four time 
periods: April and May of 2007, July through October of 2007, March through August of 
2008 and a second time in March through August of 2008, approximately 2 weeks after 
HIV testing and incentive distribution was completed in the third round (Kohler 
and Thornton 2012).   
The subsample of the MLSFH data used in this analysis is restricted to those who 
participated in the 2008 survey, were tested for HIV in 2006, and tested HIV negative in 
2006. The oversampled sero-discordant couples from the incentives project were 
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excluded from the analysis as well.21 Using the 2008 data, I then compare the outcomes 
for those who participated in the incentives project and those who did not. Participation 
in the incentives program is defined as participating in at least one of the four interviews 
(approximately 88 percent participated in all four, 9 percent in three, 3 percent in two and 
less than one percent in only one). In order to ensure comparability, comparisons were 
made between the incentives project participants and non-participants. These are 
discussed in detail below.  
A categorical variable was constructed to indicate whether or not respondents 
participated in the incentives program according to amount of incentive received (did not 
participate, participated with zero financial incentive, or participated with a financial 
incentive). I separate sex diaries participants according to those who received a financial 
incentive and those who got zero incentive in order to get a “pure participation effect.” 
Essentially, if the incentives had an effect it could be confounding the outcomes. 
Furthermore, the effect of participation plus the effect of the incentive might both be 
operating and potentially cancelling each other out. Previous work using the MLSFH sex 
diaries survey found little effect of the incentives and even a slight negative effect of 
money received, meaning a decrease in protective behavior (Kohler and Thornton 2012). 
This gives some indication that the incentives effect could be working against the 
participation effect, justifying the necessity to separate participation according to receipt 
of incentives.  
The outcomes analyzed address three general concepts: belief in a woman’s right 
to protect against HIV risk, whether participants believe it is acceptable to use condoms 
                                                
21 In total there were 8 sero-discordant couples / 16 individuals who were dropped. 
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with a spouse to protect against HIV/AIDS, and HIV risk perception and concern. To 
ease interpretation of the measure for attitudes towards a woman’s right to protect against 
HIV risk principal components analysis (PCA) or principal components factoring was 
used to construct a composite variable made up of three separate questions: (1) Do you 
think it is proper for a wife to leave her husband if she thinks he might be infected with 
HIV?, (2) Does a woman have the right to refuse unprotected sex with her husband when 
she thinks her husband may have HIV/AIDS?, and (3) Does a woman have the right to 
refuse unprotected sex with her husband when she thinks she may have HIV/AIDS. The 
constructed variable from PCA for belief in a woman’s right to protect against HIV risk 
is essentially a set of weighted linear combinations of the three variables above based on 
the correlation between the variables. Since all three variables are binary I use a 
tetrachoric correlation matrix based on the frequency of cases in each combination of 
responses (cross-classified proportions) to assess correlation for use in factor analysis 
(Joreskog 1994; Joreskog 2004).22 The eigenvalue for the PCA is 2.126 and the factor 
loadings are 0.580 for question (1), 0.945 for question (2), and 0.947 for question (3) 
above. Kaiser criterion suggests retention of factors with eigenvalues equal to or higher 
than one (Jae-on and Mueller 1978). A higher factor loading (weight and correlation 
between each variable and the factor) indicates the variable is more relevant in defining 
the factor. The factor is generated using regression based predicted values of varimax 
rotated factor loadings. To give a comparable measure of the relatedness of the three 
questions used in the construction of the factor, the Cronbach’s alpha value is 0.662, 
which is considered an acceptable level for the creation of a composite score or factor. 
                                                
22 The polychoric correlation values between questions 1 and 2 above is 0.342, between questions 1 and 3 
above is 0.3477, and between questions 2 and 3 above is 0.914. 
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The remaining outcome measures are dichotomous and measure (1) whether or not the 
respondent believes there is a chance/likelihood of becoming infected with HIV/AIDS in 
the future, (2) whether or not the respondent is worried a lot that he/she might catch 
HIV/AIDS, and (3) whether the respondent believes it is acceptable to use a condom with 
a spouse to protect against HIV/AIDS (either in general or if the spouse is suspected or 
known to have HIV/AIDS). 
To analyze the belief in a woman’s right to protect against HIV risk, a continuous 
factor, OLS regression is used. To analyze the dichotomous outcomes (condom use 
acceptability with a spouse, high HIV worry, and whether or not there is a chance of 
becoming HIV positive in the future) a series of logistic regression models are estimated. 
A second set of OLS and logistic regressions are also estimated which include interaction 
terms between sex diaries participation and all other variables in the models in order to 
allow the effects of sex diaries participation to vary according to these characteristics. 
The interaction coefficients indicate which variables differentially affect the outcomes for 
sex diaries participants, giving more nuanced information about who is more likely to be 
influenced to change their attitudes and beliefs as a result of participation in the sex 
diaries survey. 
All regression results shown control for the following: age in continuous years, 
sex of the respondent, region of residence, marital status, and level of schooling.  Region 
of residence has three categories: the north (Rumphi), the south (Balaka) or the central 
region (Mchinji). Marital status categories include currently married, divorced, widowed 
or never married. Level of schooling is measured as no formal education, some/any 
primary school, and some secondary school or higher. The effect of religion was also 
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explored but is excluded from the analysis presented here because of a high association 
between region and religion.23 The northern and central regions of Malawi are both 
approximately 90% Christian, 1% Muslim, and 9% other/none, while the southern region 
is approximately 72% Muslim, 25% Christian, and 3% other/none. In models including 
religion instead of region the substantive results remain the same. Region is preferred as a 
control variable because of regional variations in the number of participants in the sex 
diaries survey (discussed in detail below), dictating the need to control for region in 
comparisons between participants and non-participants. 
In order to make a valid comparison between the incentives program participants 
and the non-participants, a pre-requisite is that the two samples must be comparable, 
meaning that the incentives program participant selection must be random, or at least 
non-random in knowable and correctable ways. Table 2.1 shows descriptive 
characteristics separately for sex diaries participants and non-participants and tests of the 
significance of any differences observed between the two groups. Theoretically both 
groups should look fairly similar, with minimal statistically significant differences on 
observable characteristics. This is not entirely the case, with significant differences in the 
number of sex diaries participants from the southern region of Malawi (Balaka). Sex 
diaries participants also appear to vary slightly according to marital status and religion, 
which is consistent with regional variations in marriage patterns and religion in Malawi 
(Kohler et al. 2014). Considering that all of the characteristics described are common to 
Balaka, the reason for much of the difference in the combined sample was most likely 
                                                
23 Post-estimation tests for multicollinearity in models including both region and religion produced variance 
inflation factors (VIF) of 3.18 and 3.42 for region categories, and 2.68 and 1.04 for religious categories. 
VIF > 2.5 is generally thought to be problematic. 
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because the survey team was presumably able to spend more time collecting the sex 
diaries interviews in Balaka than in other regions, resulting in a participant sample that 
over-represents Balaka.   
In order to confirm that the sample differences were only due to oversampling in 
Balaka, I first looked at descriptive statistics for each region separately (table 2.2). Most 
of the significant differences by religion and marital status disappear, although the 
percentage of married respondents in Mchinji and Rumphi is still slightly higher in the 
sex diaries sample. Overall, this evidence validates the idea that regional sampling 
differences are driving the differences in sample characteristics but to confirm this I also 
ran a series of logistic regressions predicting sex diaries participation (model 3). First, I 
examine the effect of each variable individually on the prediction of sex diaries 
participation (model 1), then controlling for region plus each of the other covariates 
individually (models 2-6), and finally controlling for all characteristics simultaneously 
(model 7). When included individually (model 1) region, marital status, education and 
religion all significantly predict sex diaries participation. Among these variables when 
controlling for region as well (models 2-6), only marital status retains significance in 
predicting sex diaries participation, meaning that when controlling for region, the only 
other significant difference between sex diaries participants and non-participants is 
marital status, which remains true with the inclusion of all control variables 
simultaneously. Overall, this leads to the conclusion that controlling for region and 
marital status is necessary in the main analysis in order to isolate the effect of sex diaries 
participation and alleviate concerns of biased results due to sample differences.  
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Even though controlling for these observed characteristics in the analysis is 
obviously important, it is not necessarily sufficient. Considering that we cannot know 
whether bias also exists due to unobserved characteristics, I also confirm that there are no 
differences in the outcomes of interest between the sex diaries participants and non-
participants in 2006, prior to the collection of the sex diaries survey (table 2.4, panel A). 
In 2006, prior to the sex diaries program, there are no statistically significant differences 
between sex diaries participants and non-participants on any outcomes except for the 
question, “Do you think it is acceptable to use a condom with spouse to protect against 
HIV/AIDS?” However, the main analysis was also replicated using the 2006 reported 
condom use acceptability outcome. In this analysis sex diaries participants were not 
significantly different from non-sex diaries participants (results not shown). Most of the 
outcomes become significantly different between sex diaries participants and non-
participants after the program, as observed in 2008 (table 2.4, Panel B).24 This indicates 
that there are significant differences on most outcomes, which emerge after participation 
in the sex diaries program. In the next section I describe the main analysis, which 
includes regression models controlling for region, marital status and other key 
characteristics, as well as regression models interacting sex diaries participation with 
these control variables.   
 
                                                
24 In response to the questions “Do you think a woman has the right to refuse unprotected sex with her 
husband when she (a) thinks her husband may have HIV/AIDS or (b) thinks she may have HIV/AIDS?” the 
mean percentage of respondents replying “yes” varies between survey years in an unexpected way. The 
overall percentage goes down in 2008 relative to 2006. Unfortunately, these questions were asked in a 
different sequence in the two survey years and I believe this to be the reason for the inconsistency in the 
level (in 2006 asked immediately following a 24 question section on religion, in 2008 asked immediately 
following a section on expectations which included many questions about HIV/AIDS transmission and 
mortality). None the less, there is still a real difference in sex diaries participants versus non-participants, 
regardless of this change in the level reporting “yes” across survey years. 
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Results 
Table 2.5 reports OLS and logistic regression coefficients for all outcomes. In 
model 1 we see that sex diaries participants who received a financial incentive are more 
likely to believe that a woman has the right to protect against HIV risk as compared to 
non-sex diaries participants. Sex diaries participants who did not receive an incentive are 
not more or less likely than non-sex diaries participants to believe that a woman has the 
right to make choices that are protective against HIV risk. Men are also significantly less 
likely than women to agree that women have a right to protect against HIV risk.25 Model 
2 does not show any significant difference between sex diaries participants and non-
participants in the reported likelihood of becoming HIV positive in the future. This is 
consistent with the descriptive results found in table 2.4. Although the percent reporting 
“no likelihood” is lower for sex diaries participants in table 2.4, panel B, and the point 
estimates in model 2 of table 2.5 are in the direction suggesting that participants are less 
likely to report “no likelihood” of future infection, none of these results are significantly 
different for participants as compared to non-participants. In model 3 of table 2.5 we find 
that sex diaries participants are approximately 24% less likely26 to be very worried about 
catching HIV, at least among those who received an incentive to participate. Model 4 
indicates that sex diaries participants who received a financial incentive are also 36% 
more likely27 to believe it is acceptable to use a condom with a spouse to protect against 
HIV. In the descriptive results there was a significant difference between sex diaries 
participants and non-participants in 2006 on this outcome which was presumably 
                                                
25 Significant coefficients for region and marital status are not interpreted because of sample variation along 
these dimensions. 
26 Odds  Ratio = e!!.!"# = 0.76 
27 Odds  Ratio = e!.!"# = 1.36 
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accounted for by the variation in region and/or marital status between participants and 
non-participants. To ensure that the effect of sex diaries participation on attitudes towards 
condom use with a spouse is not biased in 2008, a logit model for this outcome based on 
the 2006 report was also conducted (results not shown). The effect of sex diaries 
participation was not statistically significant in this model (for those with an incentive, b 
= 0.297, p = 0.10; for those without an incentive b = 0.131, p = 0.34), giving more 
confidence in the significant result for the difference between participants and non-
participants in 2008 on this outcome.  
Table 2.6 reports OLS and logistic regression coefficients for all outcomes once 
again, this time including interactions between sex diaries participation and each 
covariate. The inclusion of interactions in table 2.6 allows for the possibility that the 
effect of sex diaries participation may vary according to the individual characteristics 
controlled for in the models. For example, female participants might be more affected by 
the program in a way that would make them more likely to agree that a woman has a right 
to protect against HIV risk as compared to men in the program. The collective 
significance of a potential difference in the effect of participation versus non-
participation is assessed with an F-test of the joint effects of the interaction coefficients 
(coefficients only, not constant) at the bottom of table 2.6 (second page of table 2.6, 
continued on next page). By controlling for characteristics of participants and non-
participants more precisely (centering results around within group means and allowing 
the effect to differ across all characteristics for sex diaries participants versus non-
participants), the significance of the results for sex diaries participation changes and we 
also gain more precise information about the source of changes in attitudes as a result of 
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sex diaries participation. In model (1) we find that sex diaries participants, both with and 
without incentives, are more likely than non-participants to agree that a woman has a 
right to take protective measures against HIV risk. In fact, those without a financial 
incentive, in addition to those with a financial incentive, are now more likely to agree that 
women have the right to take precautions against HIV risk. Furthermore the size of the 
effect of sex diaries participation on agreement that women have the right to protect 
themselves against HIV is much larger than in the previous model from table 2.5.28 The 
significance of the coefficients gives some evidence of this difference. The F-test of the 
joint effect of sex diaries participation on the constant and coefficients gives stronger 
evidence of this difference. The F-test gives information about the overall significance of 
main effect and the interaction effects combined for sex diaries participation. The 
significant F-test confirms the significance of sex diaries participation on the outcome. 
Furthermore, in F-tests for the significances of sex diaries participation and interactions 
with each covariate individually, all variables in the model were also significant, 
indicating that the effect of sex diaries participation on the outcome varies according to 
these characteristics.29 
The results for reported future likelihood of HIV infection remain non-
significantly different for participants and non-participants. Again, this is not surprising 
considering the lack of significant difference between participants and non-participants in 
the descriptive results from table 2.4. The effect of sex diaries participation on the level 
                                                
28 The summation of direct effects of sex diaries participation (sex diaries coefficient) with indirect effects 
of sex diaries participation (interaction coefficients) is 0.158 for sex diaries participants with a financial 
incentive and 0.653 for sex diaries participants with no financial incentive. 
29 Table 2.6, model 1 F-test values and p-values for joint significance of sex diaries participation and 
interactions with each variable individually are as follows: age F-test = 5.24, p=0.003; gender F-test = 3.70, 
p=0.005; Region F-test = 2.73, p = 0.012; marital status F-test = 2.84, p = 0.004; education F-test = 4.52, p 
= 0.000. 
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of worry that respondents have about future HIV infection is no longer significant in this 
model, meaning that difference in worry are no longer significant once the effect of sex-
diaries participation is allowed to vary by the individual characteristics of the 
respondents, or once individual characteristic are more precisely controlled.30 Due to the 
variation between sex diaries participants and non-participants in the number of 
respondents by region and marital status, this model is most likely more trustworthy than 
the results in model 5 that control for these variables, but do not control for them while 
allowing the effect of participation to differ by region, marital status and the other 
covariates. In model 4 of table 2.6, the results for condom use acceptability are still 
significant overall (chi-squared for joint effect of sex diaries participation on constant and 
coefficients = 32.86, p = 0.025), although the interactions with sex diaries participation 
and the covariates are not significant.  
 
Discussion  
Overall, these results suggest that attitudes towards a woman’s right to be 
proactive in making sexual behavior choices in order to protect herself from HIV risk are 
affected by participation in the Malawi Incentive Project, or the sex diaries project. 
Considering that effects of sex diaries participation on attitudes towards a woman’s right 
to protect against HIV risk are significantly more likely to occur for women (see table 
2.5), this suggests that one of the unmeasured consequences of HIV prevention programs 
may be increasing women’s beliefs in their own agency and right to adopt protective 
measures against HIV risk. This is very interesting evidence of potential changes in 
                                                
30 The joint F-test of significance for all direct and indirect effects (from interactions) of sex diaries 
participation on worry of future HIV infection is not statistically significant. 
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gender norms that could be occurring as a result of HIV prevention needs and HIV 
prevention programs. It is also consistent with some previous related research on 
changing gender norms and female empowerment as it relates to HIV prevention (Schatz 
2005; Smith and Watkins 2005). Sex diaries participation is also suggestive of less worry 
about becoming HIV positive and greater acceptability of condom use with a spouse to 
protect against HIV, although these results largely lose significance in models controlling 
for other covariates and also allowing the effect of sex diaries participation to vary by 
these characteristics.  
Receiving a financial incentive in the sex diaries program seems to increase 
reported program effects. It is not entirely clear whether this reflects real effects or not. 
Those receiving an incentive could be more likely to report socially desirable responses 
to questions. However, participation in the sex diaries interviews is slightly higher among 
those who receive an incentive (meaning those receiving an incentive are slightly more 
likely to participate in a greater number of the four possible sex diaries interviews, mean 
number of interviews = 3.89 with incentive and = 3.81 without incentive, t = 2.59, p = 
0.01). This may indicate that receipt of an incentive motivates participants to be more 
enthusiastic about participation and more willing to get more out of participation. Either 
way, the results for the effect of participation on attitudes towards a woman’s right to 
protect against HIV risk are significant for those who both receive and do not receive an 
incentive. In fact, the effect of participation on attitudes towards a woman’s right to 
protect against HIV risk is even larger for the no incentive group in the last model. This 
can be thought of as a “pure participation” effect and is encouraging evidence of a real 
effect. 
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A limitation of this study is the potential overlap of incentive and control groups, 
which could suppress the ability of researchers to see a positive change even if it is there. 
In particular, sex diaries participants and non-participants are from the same villages and 
most likely share information, particularly if they find information about HIV prevention 
important. However, as with randomized control trials with difficulty in measuring 
program effects due to overlap of intervention and control, if we were able to separate out 
program effects from network information sharing effects then program effects would be 
even stronger than they appear to be in the results of the current study. Future research 
continuing to monitor not only program effects, but changes in attitudes over time in 
general may give further insight into how attitudes towards HIV, HIV risk and HIV 
prevention are changing more broadly in HIV endemic communities. 
 
Conclusion  
 In conclusion, although many potential positive effects of behavioral interventions 
and education programs in response to the HIV/AIDS epidemic in sub-Saharan Africa are 
difficult to measure, I find unmeasured, indirect effects of programs on attitudes towards 
HIV prevention behavior, HIV risk beliefs and even on female empowerment in terms of 
making decisions that will more likely increase women’s ability to protect themselves 
against HIV risk. Although some may consider changes in attitudes and beliefs to be only 
precursors to behavioral change and reductions in HIV incidence, changes in attitudes 
and beliefs are certainly important in their own right. This may be especially true when 
thought of in terms of sharing information and beliefs with members of broader social 
networks, how new behaviors become normative in a community over time, or the ways 
92 
in which ideas are transmitted to new generations. The long term effects of changing 
attitudes and beliefs, although most likely quite difficult to gauge quantitatively, are 
probably significant and worth taking into consideration when evaluating the impact of 
HIV prevention programs. 
  
 
 
 
 
 
 
 
93 
 
 
 
 
  
Mean Std Dev Mean Std Dev Means t-test p-value
Male 0.44 0.50 0.44 0.50 0.00 -0.03 0.98
Age 38.17 13.36 37.13 13.33 -1.04 -1.78 0.08
Marital Status:
     Married 0.89 0.32 0.83 0.38 -0.06 -3.61 0.00
     Divorced 0.03 0.18 0.06 0.24 0.03 2.78 0.01
     Widowed 0.02 0.15 0.04 0.19 0.02 1.93 0.05
     Never Married 0.06 0.23 0.07 0.25 0.01 1.34 0.18
Region:
     Mchinji (center) 0.28 0.45 0.39 0.49 0.11 5.34 0.00
     Balaka (south) 0.41 0.49 0.23 0.42 -0.18 -9.08 0.00
     Rumphi (north) 0.31 0.46 0.38 0.49 0.07 3.33 0.00
Education: 
     No Education 0.24 0.43 0.18 0.38 -0.06 -3.25 0.00
     Primary 0.64 0.48 0.67 0.47 0.03 1.37 0.17
     Secondary or more 0.12 0.33 0.15 0.36 0.03 1.92 0.06
Religion:
     Christian 0.63 0.48 0.74 0.44 0.11 5.27 0.00
     Muslim 0.29 0.45 0.17 0.38 -0.12 -6.43 0.00
     Other/None 0.08 0.27 0.09 0.29 0.01 0.85 0.40
Observations 941 1,164
Not Sexual Diaries 
Participant
Sexual Diaries 
Participant
Table 2.1. 2008 Descriptive statistics according to sex diaries participation
Difference
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Mean Std Dev Mean Std Dev Means t-test p-value
Panel A: Balaka (south):
Male 0.41 0.49 0.40 0.49 0.00 -0.07 0.95
Age 39.57 14.40 37.55 14.69 -2.02 -1.74 0.08
Marital Status:
     Married 0.85 0.35 0.81 0.39 -0.04 -1.34 0.18
     Divorced 0.05 0.23 0.07 0.25 0.01 0.70 0.48
     Widowed 0.03 0.18 0.07 0.25 0.03 2.01 0.04
     Never Married 0.06 0.23 0.05 0.22 -0.01 -0.45 0.65
Education: 
     No Education 0.44 0.50 0.43 0.50 -0.01 -0.28 0.78
     Primary 0.53 0.50 0.53 0.50 0.00 0.06 0.95
     Secondary or more 0.04 0.19 0.05 0.21 0.01 0.57 0.57
Religion:
     Christian 0.27 0.44 0.22 0.42 -0.05 -1.42 0.16
     Muslim 0.70 0.46 0.74 0.44 0.04 1.18 0.24
     Other/None 0.03 0.17 0.04 0.19 0.01 0.45 0.65
Observations 382 263
Panel B: Mchiji (central):
Male 0.46 0.50 0.44 0.50 -0.02 -0.47 0.64
Age 36.14 11.78 37.10 13.15 0.97 0.99 0.32
Marital Status:
     Married 0.92 0.27 0.86 0.34 -0.06 -2.46 0.01
     Divorced 0.02 0.12 0.05 0.22 0.04 2.52 0.01
     Widowed 0.01 0.09 0.02 0.15 0.01 1.45 0.15
     Never Married 0.05 0.22 0.06 0.24 0.01 0.46 0.64
Education: 
     No Education 0.18 0.38 0.20 0.40 0.02 0.65 0.52
     Primary 0.71 0.46 0.72 0.45 0.01 0.42 0.67
     Secondary or more 0.11 0.32 0.08 0.27 -0.03 -1.55 0.12
Religion:
     Christian 0.91 0.29 0.89 0.31 -0.02 -0.79 0.43
     Muslim 0.01 0.11 0.01 0.09 0.00 -0.34 0.73
     Other/None 0.08 0.27 0.10 0.30 0.02 0.94 0.35
Observations 264 455
Male 0.46 0.50 0.45 0.50 -0.01 -0.19 0.85
Age 38.17 13.09 36.90 12.69 -1.27 -1.31 0.19
Marital Status:
     Married 0.89 0.31 0.81 0.39 -0.09 -3.22 0.00
     Divorced 0.02 0.15 0.06 0.24 0.04 2.46 0.01
     Widowed 0.03 0.16 0.04 0.20 0.01 0.96 0.34
     Never Married 0.05 0.23 0.09 0.29 0.04 1.79 0.07
Education: 
     No Education 0.03 0.17 0.02 0.12 -0.01 -1.36 0.17
     Primary 0.73 0.45 0.70 0.46 -0.03 -0.92 0.36
     Secondary or more 0.24 0.43 0.29 0.45 0.05 1.39 0.16
Religion:
     Christian 0.85 0.36 0.89 0.32 0.03 1.39 0.17
     Muslim 0.01 0.08 0.00 0.07 0.00 -0.42 0.68
     Other/None 0.14 0.35 0.11 0.31 -0.03 -1.32 0.19
Observations 295 446
Panel C: Rumphi (north):
Table 2.2. 2008 Descriptive statistics by region, according to sex diaries participation
Sexual Diaries Not Sexual Diaries Difference
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(1) (2) (3) (4) (5) (6) (7)
Region (Balaka):
     Balaka 2.503** 2.484** 2.508** 2.623** 2.489** 2.835** 3.055**
(0.279) (0.277) (0.280) (0.296) (0.287) (0.471) (0.517)
     Rumphi 1.140 1.137 1.140 1.169 1.156 1.143 1.173
(0.123) (0.123) (0.123) (0.127) (0.129) (0.123) (0.134)
Age 1.006+ 1.004 1.005
(0.003) (0.003) (0.004)
Male 1.002 1.039 0.988
(0.089) (0.094) (0.097)
Marital Status (married):
     Divorced 0.530** 0.475** 0.469**
(0.116) (0.106) (0.106)
     Widowed 0.580* 0.486** 0.448**
(0.151) (0.129) (0.122)
     Never married 0.744 0.755 0.827
(0.137) (0.142) (0.171)
Education (none):
     Primary 0.725** 0.991 0.990
(0.080) (0.121) (0.129)
     Secondary 0.612** 0.924 0.978
(0.094) (0.160) (0.190)
Religion (christian):
     Muslim 1.958** 0.845 0.799
(0.210) (0.147) (0.142)
     Other 1.033 1.014 0.978
(0.166) (0.165) (0.160)
Constant 0.496** 0.570** 0.611** 0.588** 0.578** 0.513**
(0.072) (0.050) (0.048) (0.074) (0.046) (0.106)
Observations 2,105 2,105 2,105 2,103 2,105 2,104 2,102
Pseudo R-squared 0.0285 0.0280 0.0349 0.0280 0.0284 0.0363
Chi-squared 82.36 80.93 101.0 81.03 82.14 104.9
Notes: Odds Ratios in column 1 are bivariate logits for differences between samples in each variable 
independently. Reference categories in parentheses. s.s.: ** p<0.01, * p<0.05, + p<0.1.  
Table 2.3. Logistic Regressions predicting participation in sex diaries (odds ratios)
The goal of this was to test whether region is the source of differences between sex diaries 
participants and non-participants. Also tried with all other variables that were statistically different in 
the two samples from table 1, with region while excluding hiv positive, and with region and hiv status 
combined.  Also tried adjusting sample by excluding all couples (not just sero-discordant), excluding 
all HIV positive.  
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Mean Std Dev Mean Std Dev Means t-test p-value
Panel A: 2006
Do you think it is proper for a wife to leave her 
husband if she thinks he might be infected with HIV? 0.19 0.39 0.20 0.40 0.01 0.75 0.45
     N (803) (932)
Do you think a woman has the right to refuse 
unprotected sex with her husband when she: 
     Thinks her husband may bave HIV/AIDS? 0.67 0.47 0.66 0.47 -0.01 -0.31 0.75
     N (801) (930)
     Thinks she may have HIV/AIDS?  0.69 0.46 0.68 0.47 -0.02 -0.81 0.42
     N (803)
Women's right to protect against HIV (factor using 
three variables above) 0.65 0.42 0.64 0.43 -0.01 -0.41 0.68
     N (801) (928)
Reported no likelihood of future HIV infection 0.48 0.50 0.51 0.50 0.03 1.23 0.22
     N (762) (903)
Are you very worried that you might catch HIV/AIDS? 0.15 0.36 0.16 0.37 0.01 0.57 0.57
     N (805) (935)
Do you think it is acceptable to use a condom with 
spouse to protect against HIV/AIDS? 0.80 0.40 0.75 0.44 -0.06 -2.75 0.01
     N (805) (932)
Panel B: 2008
Do you think it is proper for a wife to leave her 
husband if she thinks he might be infected with HIV? 0.28 0.45 0.22 0.42 -0.06 -2.96 0.00
     N (901) (1,127)
Do you think a woman has the right to refuse 
unprotected sex with her husband when she: 
     Thinks her husband may bave HIV/AIDS? 0.52 0.50 0.46 0.50 -0.06 -2.55 0.01
     N (901) (1,126)
     Thinks she may have HIV/AIDS?  0.57 0.50 0.50 0.50 -0.07 -3.04 0.00
     N (901) (1,126)
Women's right to protect against HIV (factor using 
three variables above) 0.56 0.46 0.49 0.45 -0.07 -3.60 0.00
     N (896) (1,123)
Reported no likelihood of future HIV infection 0.25 0.44 0.28 0.45 0.03 1.51 0.13
     N (887) (1,110)
Are you very worried that you might catch HIV/AIDS? 0.23 0.42 0.28 0.45 0.06 2.83 0.00
     N (905) (1,123)
Do you think it is acceptable to use a condom with 
spouse to protect against HIV/AIDS? 0.78 0.41 0.74 0.44 -0.04 -2.25 0.02
     N (901) (1,118)
Table 2.4. Differences betwee sex diaries participants and non-participants in outcomes of interest as observed before (2006) and after 
(2008) sex diaries program
Sexual Diaries Participant Not Sexual Diaries Difference
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(1) (2) (3) (4)
Women's 
Right to 
Protect 
Against HIV
Reported no 
likelihood of 
future HIV 
infection
Are you 
very 
Worried you 
might catch 
HIV?
Condom use 
Acceptable 
with Spouse 
to Protect 
against 
HIV?
Sexdiaries participant (non-participant):
     with incentive 0.047* -0.112 -0.279* 0.307*
(0.023) (0.122) (0.127) (0.130)
     no incentive 0.015 -0.139 -0.143 -0.206
(0.029) (0.155) (0.158) (0.150)
Age -0.001 0.025** -0.004 -0.014**
(0.001) (0.004) (0.005) (0.004)
Male -0.070** 0.471** -0.373** -0.198+
(0.021) (0.113) (0.118) (0.116)
Region (Balaka):
     Mchinji 0.225** -0.014 0.385* 1.099**
(0.026) (0.142) (0.160) (0.147)
     Rumphi 0.062* 0.433** 1.534** 0.682**
(0.025) (0.130) (0.139) (0.129)
Marital Status (married):
     divorced 0.028 0.158 0.211 -0.074
(0.046) (0.242) (0.237) (0.250)
     widowed -0.029 0.980** -0.755* 0.031
(0.056) (0.263) (0.355) (0.306)
     never married 0.103* 0.509* 0.118 0.774*
(0.045) (0.228) (0.236) (0.310)
Education (none):
     primary -0.044 -0.034 0.284 -0.041
(0.028) (0.152) (0.175) (0.155)
     secondary -0.015 0.019 0.343 0.065
(0.042) (0.222) (0.237) (0.234)
F statistic 12.02
Adjusted R-squared 0.0567
Pseudo R-squared 0.0466 0.0929 0.0505
LL Chi-squared 108.6 215.5 113.3
Observations 2,017 1,995 2,026 2,017
Table 2.5. OLS and logit models predicting key outcomes
Outcomes
Notes: Standard errors in parentheses; Reference categories in parentheses. ** p<0.01, * p<0.05, 
+ p<0.1
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(1) (2) (3) (4)
Women's 
Right to 
Protect 
Against HIV
Reported no 
likelihood of 
future HIV 
infection
Are you 
very 
Worried you 
might catch 
HIV?
Condom use 
Acceptable 
with Spouse 
to Protect 
against 
HIV?
Sexdiaries participant (effect on constant):
     With incentive 0.237* -0.687 -1.152+ -0.174
(0.101) (0.563) (0.638) (0.562)
     NO incentive 0.410** -0.818 -0.944 0.107
(0.136) (0.770) (0.814) (0.708)
Interactions with Sexdiaries participation:
Age*Sexdiaries participant with incentive -0.006** 0.011 0.006 -0.005
(0.002) (0.010) (0.011) (0.011)
Age*Sexdiaries participant NO incentive -0.010** 0.016 0.014 -0.015
(0.003) (0.014) (0.015) (0.014)
Male*Sexdiaries participant with incentive -0.014 -0.321 0.383 -0.138
(0.049) (0.258) (0.274) (0.277)
Male*Sexdiaries participant NO incentive 0.110+ 0.186 0.111 0.336
(0.062) (0.340) (0.347) (0.328)
Region Interactions:
     Balaka*Sexdiaries participant with incentive 0.014 0.000 0.506 0.405
(0.060) (0.329) (0.405) (0.361)
     Balaka*Sexdiaries participant NO incentive -0.014 0.038 0.289 0.107
(0.073) (0.424) (0.451) (0.398)
     Rumphi*Sexdiaries participant with incentive -0.062 -0.196 0.510 -0.467
(0.058) (0.310) (0.367) (0.316)
     Rumphi*Sexdiaries participant NO incentive -0.021 0.325 -0.091 -0.348
(0.074) (0.407) (0.415) (0.373)
Marital Status Interactions (married):
     Divorced/Widow*Sexdiaries participant w/ incentive -0.079
(0.091)
    Divorced/Widow*Sexdiaries participant NO incentive 0.240*
(0.114)
     Never married*Sexdiaries participant with incentive -0.018 0.880+ -0.053 0.302
(0.104) (0.532) (0.574) (0.856)
     Never married*Sexdiaries participant NO incentive -0.194 0.734 0.454 0.640
(0.141) (0.743) (0.724) (1.177)
Education Interactions (no educ):
     Primary*Sexdiaries participant with incentive 0.092 0.298 0.131 1.049**
(0.063) (0.348) (0.407) (0.363)
     Primary*Sexdiaries participant NO incentive -0.084 -0.195 0.280 0.291
(0.080) (0.446) (0.486) (0.433)
     Secondary*Sexdiaries participant with incentive 0.017 0.937+ 0.166 1.182*
(0.095) (0.498) (0.546) (0.552)
     Secondary*Sexdiaries participant NO incentive -0.073 -0.128 0.250 0.054
(0.134) (0.737) (0.735) (0.714)
Observations 2,017 1,995 2,016 2,009
Table 2.6. OLS and logit models predicting key outcomes with interactions for sex diaries participation
Notes: Standard errors in parentheses; Reference categories in parentheses. ** p<0.01, * p<0.05, + p<0.1
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(1) (2) (3) (4)
Women's 
Right to 
Protect 
Against HIV
Reported no 
likelihood of 
future HIV 
infection
Are you 
very 
Worried you 
might catch 
HIV?
Condom use 
Acceptable 
with Spouse 
to Protect 
against 
HIV?
First order effects:
Age 0.003* 0.021** -0.008 -0.012*
(0.001) (0.006) (0.006) (0.006)
Male -0.079** 0.538** -0.488** -0.184
(0.029) (0.151) (0.156) (0.153)
Region (Balaka):
     Balaka 0.225** -0.024 0.225 0.973**
(0.036) (0.196) (0.215) (0.202)
     Rumphi 0.082** 0.450** 1.455** 0.869**
(0.032) (0.165) (0.172) (0.165)
Marital Status (married):
     divorced/widowed -0.014
(0.045)
     never married 0.134* 0.223 0.062 0.698+
(0.057) (0.295) (0.297) (0.362)
Education (none):
     primary -0.063 -0.101 0.200 -0.411+
(0.040) (0.211) (0.238) (0.216)
     secondary -0.015 -0.214 0.257 -0.350
(0.057) (0.299) (0.313) (0.310)
F statistic 6.004
Adjusted R-squared 0.0672
Pseudo R-squared 0.0537 0.0957 0.0613
LL Chi-squared 125.0 221.5 137.2
Observations 2,017 1,995 2,016 2,009
Chi2 test for joint effects of sexdiaries participation on
(F test for OLS regression in model 1):
     Constant only 5.86 2.13 3.84 0.15
[0.003] [0.345] [0.147] [0.926]
     Coefficients only, not constant 2.62 15.74 8.55 22.78
[0.001] [0.611] [0.953] [0.1567]
     Constant and coefficients 2.60 16.69 12.6 32.86
[0.001] [0.673] [0.858] [0.025]
Marginal Effects of Sex Diaries Participation (all else held at mean):
Non-Participant (reference) 0.506 0.271 0.253 0.759
Participant - NO incentive 0.512 0.234 0.225 0.720
Participant - with incentive 0.553* 0.247 0.193* 0.817**
Table 2.6 (continued). First order effects and summary statistics
Notes: Standard errors in parentheses; Reference categories in parentheses. Numbers in brackets [] represent 
probability > chi2 or F.  ** p<0.01, * p<0.05, + p<0.1
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CHAPTER 3: HIV/AIDS Knowledge, An Age-Period-Cohort Analysis of Trends in 
Malawi from 1992-2010 
 
 
Introduction  
Reducing the sexual transmission of HIV has remained a strong goal throughout 
the history of the epidemic, leading to innumerous programs designed to educate and 
assist individuals in protecting themselves and their partners against HIV risk, as well as 
much knowledge sharing and communication among individuals and social networks. 
This study looks beneath the surface of behavioral interventions by examining how basic 
knowledge of HIV/AIDS prevention and transmission has changed over time in Malawi, 
and how it has potentially changed unevenly between different groups of people. Malawi 
has been heavily affected by the HIV epidemic, with nearly one million people currently 
living with HIV/AIDS, although incidence and prevalence have gone down over time. An 
estimated 10.6 percent of adults between 15 and 49 years of age are currently HIV 
positive, down from a peak of 16.4 percent of the adult population in 1999 (UNAIDS 
2012a).  
When thinking about how knowledge is disseminated, several different scenarios 
can be envisioned. First, as more information about HIV/AIDS has become available in 
Malawi, individuals of all ages may become more informed about what HIV is, how the 
disease is transmitted and how one can prevent or reduce the chances of becoming 
infected. This is essentially a description of a period effect, in which people of all ages 
are updating their HIV related knowledge at a relatively equal pace to one another over 
time. A second scenario that may play out is that as more information about HIV/AIDS 
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has become available, younger people who grow up in this new environment with greater 
information are more likely to believe the information and take more precautions as they 
become sexually active. At the same time, older generations may be more reticent to 
change beliefs and behaviors, especially when these changes in beliefs are tied to 
culturally defined processes of sexuality and marriage. This describes a cohort effect in 
which individuals do not change their beliefs, but rather, different birth cohorts develop a 
different set of beliefs. When thinking about the possible differences in knowledge 
according to period of time and birth cohort, it is also important to simultaneously control 
for age since knowledge, in general, most likely also increases with age. Due to the 
statistical impossibility of simultaneous estimation of the effects of age, period and 
cohort in a single analysis, this has been a longstanding empirical challenge. However, 
over time several methodological developments have led to estimable solutions to this 
empirical problem. In this analysis I use cross-classified random effects models and data 
from 1992 to 2010 in Malawi in order to simultaneously measure the relative importance 
of age, period and cohort effects (Yang and  Land 2013; Yang and Land 2008; Yang 
and Land 2006). 
In reality, age, period and cohort effects are most likely all operating to varying 
degrees and all affecting changes in HIV transmission and prevention knowledge. This 
analysis allows for a more nuanced understanding of how knowledge update is occurring 
by providing details about which effect “wins out” over others, generating the most 
positive change. Alternatively, one can think of this analysis as providing information 
about holes in knowledge provision and highlighting the important age groups or birth 
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cohort specific tactics, for example, that may be more important in HIV prevention 
education. In addition to providing important information about the best groups to focus 
on in provision of HIV prevention and educational programs, this paper also provides 
interesting theoretical evidence about how knowledge uptake changes within individuals 
over the life course, as well as within a society over time. Furthermore, this paper 
engages a theoretical debate within demography about the relative importance of periods 
versus cohorts in explanations of social change, as well as bringing up questions about 
whether analysis of age, period and cohort is even a valid tactic that informs real world 
processes. Below I discuss in more detail how HIV transmission and prevention 
knowledge has grown over time in Malawi, how this paper contributes to HIV research 
and policy implications more broadly, and demographic debates about age, period, and 
cohort analysis and methodology. 
 
Background 
Existing HIV research on the uptake of basic knowledge of HIV in African 
countries mostly consists of descriptive reports of population level changes in knowledge 
and beliefs (UNAIDS 2012a; UNAIDS 2012b; World Health Organization 2011). The 
availability of thorough HIV prevention information in Malawi was limited early in the 
history of the epidemic, due to financial, social and political barriers. Prior to 1994, 
President Hastings Banda censored public discussion of sexual matters due to his 
conservative religious views (AVERT 2012). It wasn’t until after President Banda 
relinquished control in 1994 that the public was able to openly discuss HIV and the new 
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president first acknowledged the scope of the epidemic in Malawi. After an initial 
adjustment period, the government response to AIDS in Malawi intensified. In 2000 a 
five-year National Strategic Framework to combat AIDS was implemented, the National 
AIDS Commission was established in 2001 and the first National AIDS policy was 
implemented in 2004 (AVERT 2012). Many international organizations also 
implemented large HIV prevention programs. The implementers of these programs 
attribute the programs with generating much success and progress towards general public 
knowledge of HIV and HIV prevention, reductions in new incidence of HIV/AIDS and a 
lower proportion of HIV positive individuals in the population overall (Bowie 2007; 
Limaye et al. 2009; UNAIDS 2012a).  
In addition to the top-down process of international NGO’s and government 
agencies providing information about HIV prevention as described above, other factors 
may be just as important, or even more important in HIV prevention. In fact, it has been 
suggested that NGO and government based prevention programs do not work at all or are 
disproportionally targeting interventions that have little impact while neglecting 
prevention priorities with more certain positive results (Potts et al. 2008; Watkins et al. 
2012; Watkins and Swidler 2012). Potts et al. (2008) attribute declines in the prevalence 
of HIV to the natural progression of the epidemic, as well as behavioral change in the 
form of fewer multiple sexual partnerships. In addition to the importance of necessary 
epidemiological information provided by organizations, Watkins (2004) points to the 
impact of Malawians witnessing AIDS deaths in their communities as a catalyst for 
behavioral change that would lead to the eventual decline of HIV incidence. The feasible 
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strategies that Malawians use to reduce their personal risk of HIV/AIDS are not 
necessarily in line with the general prevention doctrine promoting abstinence, fidelity and 
condom use. Malawians are more likely to use strategies such as careful partner selection, 
divorce and renewed religious commitment as means of reducing HIV risk (Watkins 
2004). The reason that abstinence and condom use have not been effective in reducing 
the scope of the HIV epidemic is because they are not reasonable solutions in many 
scenarios, while tactics such as careful partnership selection and fewer multiple 
partnerships are more reasonable in most contexts (Potts et al. 2008; Watkins 2004).  
Regardless of the source of change, in this study I observe changes over time in 
reported HIV/AIDS knowledge and prevention knowledge that loosely correspond to 
reduced HIV prevalence and incidence over time in Malawi. It is not entirely clear 
whether these changes reflect true changes in knowledge, or reflect changes in 
acceptance of already known prevention information (perhaps, for example, through 
witnessing AIDS deaths in the community as a catalyst for acceptance that prevention 
behavior is important). It is also not clear whether these changing reports of “traditional” 
HIV prevention knowledge, such as condom use and abstinence, reflect changes in this 
same prevention behavior. It is possible that the willingness to report prevention tactic 
effectiveness on a survey is reflective of willingness to take some sort of preventative 
measures, even if they are not the same exact measures that the survey questions ask. 
Regardless of the source, changes in reported HIV prevention knowledge have occurred 
in Malawi, and it is still of interest how these changes are occurring differentially across 
age, period and cohort. I will revisit this topic in the discussion section as it relates to 
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how the measured outcomes in this study can be interpreted and what can be assumed 
and not assumed based on the results of this study.  
To my knowledge there have been no in-depth, multivariate analyses of long-term 
time trends in changes in HIV knowledge uptake. Furthermore, there have not been any 
studies focusing on the relative importance of cohort versus period effects in changing 
patterns of knowledge uptake. The current study will not only be an interesting addition 
to research on HIV knowledge acquisition, but could also be interesting to policy makers 
and HIV program administrators. The policy implications may be particularly interesting 
because of the information it will give in terms of which age groups or birth cohorts are 
most important to consider when implementing HIV prevention programs or assessing 
groups that may benefit from special programs. For example, if knowledge changes 
within individuals over time, regardless of birth cohort, then provision of HIV prevention 
information to all age groups is still a relevant and necessary aspect of HIV prevention 
efforts. However, if knowledge uptake largely changes only among younger birth cohorts 
who grow up with greater exposure to this new information, then focusing HIV education 
within younger age groups may be the most cost effective and efficient means of ensuring 
that new generations have essential basic information about HIV transmission and 
prevention tactics, whereas older age groups may be in greater need of more nuanced 
information about feasible prevention options.  
Data from the 2010 Demographic and Health Surveys (DHS) show that 12 
percent of women believe that a healthy looking person cannot have AIDS, (down from 
26 percent in 1992). This shows that gaps in knowledge are still fairly prevalent and that 
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there is possibly a breakdown in provision of knowledge, belief in knowledge gained or 
the ability to assess the accuracy of competing information from multiple sources. The 
last two scenarios are affected by individual propensity to change beliefs and the cultural 
acceptance and turnover of beliefs in favor of new information. In this way, the current 
analysis of changes in knowledge potentially reflects more generalized social processes 
of changes in ideas and norms. Much sociological theory that has focused on how 
ideational change occurs in society and how normative behavior is transformed over time 
(Blau 1967; Habermas 1985; Habermas 1996; Lesthaeghe and Surkyn 1988; Schutz 
1951; Schutz 1967). The current paper takes an empirical approach to formally analyzing 
social changes in dominant ideology and delves deeper into the elements involved in 
generating eventual change in individual behavior and even group level normative 
behavior. More specifically, in analyzing how knowledge of HIV and HIV prevention 
tactics change over time, I am examining the potential combined effect of access to 
knowledge and belief/acceptance of new knowledge. This provides a unique, albeit 
somewhat indirect, perspective by which to examine changes within a society over time 
and within individuals over the life course. 
Another way of viewing social change over time is through demographic debates 
of the relative importance and ability to measure age, period, and cohort (APC) effects in 
explanations of demographic and social change. Ryder (1965) made a strong argument 
for the importance of a cohort perspective for analyzing fertility and fertility change over 
time. He pushed for more focus on cohorts by emphasizing that cohorts are different from 
each other by the changing context in which they grow up and in which they develop. 
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Specifically, birth cohorts are subject to unique education regimes or policies, peer group 
socialization and idiosyncratic historical experiences (Ryder 1965). Other researchers 
have followed, articulating the importance of cohort effects on measures of health, 
mortality and other social processes as well (Hobcraft et al. 1982; Preston and Wang 
2006). Still others have argued the enduring importance of period effects and the relative 
unimportance of cohort effects (Bhrolchain 1992). Bhrolcháin (1992) argues that the 
emphasis within demography on cohort change, especially in regard to fertility, is 
unnecessary at best and misleading at worst.  
These debates do not necessarily imply that either period or cohort effects are not 
important, but rather they are arguments as to which of the two is more important for a 
specific demographic process. Many of these arguments were articulated in the context of 
limited data and methodological restrictions due to the identification problem created 
when attempting to simultaneously model age, period and cohort together. Because it is 
necessary to control for the effect of age in order to accurately estimate the relative 
contribution of period versus cohort effects, all three elements must be included in an 
analysis to avoid spurious results (Mason and Winsboro 1973). The exact linear 
dependency of the three makes this a longstanding empirical challenge. The above 
arguments for the need to choose between period versus cohort effects center on the 
scenario in which empirical measurement is only possible for one or the other at a time, 
which is often still the case. The decision of which is more important would be based on 
theoretical justifications under these conditions, an approach that has been argued to be 
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the only reasonable means of resolving the APC dilemma (Feinberg 2013; Hobcraft et al. 
1982; Smith 2008; Smith 2004). 
The ideal would be to carefully consider the theoretical importance of period 
versus cohort effects on the outcomes of interest but also be able to add some sort of 
empirical evidence to these theoretical justifications. While recognizing the limitations of 
any methodological attempt to simultaneously estimate APC effects, a reasonable means 
of measuring the relative importance of period versus cohort effects in an empirical 
model still adds vital information. Several ways to work around this problem and produce 
estimates have been developed in the past. Many of these attempted solutions rely on 
population level occurrence rates of an event or aggregate population-level data  
(Hobcraft et al. 1982; Mason and Winsboro 1973; Yang et al. 2004). However, with the 
new availability of big data, options have broadened and applications using individual 
level data have been developed. One solution to the identification problem is a cross-
classified random effects model (CCREM), or a hierarchical Age-Period-Cohort (HAPC) 
model developed by Yang and Land (2006; 2008; 2013). I use this method to 
simultaneously estimate age, period and cohort changes in HIV knowledge in Malawi 
over time.  
 
Data and Methods 
I use data from the Demographic and Health Surveys (DHS) in Malawi, which 
gathers information about population health, nutrition, HIV and other topics of interest in 
developing countries. DHS data are repeated, cross-sectional surveys that are designed to 
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be representative of the population in each country. DHS surveys were conducted in 
Malawi in 1992, 1996, 2000, 2004 and 2010, sampling adults between 15 and 54 years of 
age. The cross-classified random effects age-period-cohort models used in the analysis 
require multiple cross-sectional surveys with large sample sizes, distributed across 
multiple birth cohorts. The data were merged between all five DHS Malawi waves to 
yield a single sample representing 5 distinct periods of time, spanning across 18 years. 
Synthetic birth cohorts ranging from 1937 to 1995 were constructed from the combined 
cross-sectional data. The total sample size is 72,807 respondents. 
Each DHS Malawi wave asked a varying set of questions about HIV/AIDS 
knowledge.  The most consistent questions across waves serve as the outcomes in the 
current analysis. Respondents were asked, “What can a person do to avoid getting 
AIDS?” followed by a set of choices from which respondents could select all that apply. 
Among these choices were abstain from sex and use condoms, which serve as two of the 
four dichotomous measures of HIV prevention knowledge used as outcomes in this 
analysis. The other two outcomes are responses to the following questions: “Is it possible 
for a healthy looking person to have the AIDS virus?” and “Is it possible to get the AIDS 
virus from mosquito or other insect bites?” Respondents were not asked any of these four 
questions about HIV/AIDS knowledge if they answered “no” to the question, “Have you 
ever heard of an illness called AIDS?” This restriction is greatest in the first DHS Malawi 
survey in 1992, but even in this year approximately 96 percent of respondents still 
answered yes, only reducing the overall 1992 sample size by four percent. The overall 
sample size for outcomes in the current analysis using the five year combined DHS 
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Malawi data is still 99 percent of the whole DHS sample. All four outcomes variables use 
all 5 periods of observation except for the question about getting AIDS through mosquito 
or other insect bites. This question was not asked in the same way in 1996 so the 1996 
data on this outcome was excluded in the current analysis. 
In addition to these outcomes, several other important control variables are 
included in the analysis. There is variation in both reports of HIV prevention knowledge 
and HIV status between men and women, rural and urban locations, between regions in 
Malawi, and according to educational attainment (UNAIDS 2012a). A dummy variable 
for whether the respondent is male or female is included, as well as a dummy for rural 
versus urban residence. A categorical variable is included for region of the country, as 
either north, south or central. Finally, because education level may be directly related to 
knowledge acquisition, a categorical variable for level of education is also included in the 
analysis, specifying whether a respondent has no education, some primary school, 
completed primary school, some secondary school, completed secondary school, or has 
education beyond secondary school. 
The implementation of CCREM’s in the estimation of age, period and cohort 
effects on outcomes of interest requires several important adjustments in order to 
overcome the identification problem created by simultaneous estimation of the three 
(Yang and Land 2013; Yang and Land 2008; Yang and Land 2006). When age, period 
and cohort are measured in the same time intervals, there is an exact linear dependency 
between these three elements (period – age = birth cohort). However, by using repeated 
cross-sectional data, the identification problem is broken after construction of synthetic 
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birth cohorts across multiple periods of observation. Because individuals born in any 
given year are distributed across several different survey years, variation exists between 
periods of observation and birth cohorts in merged, repeated cross-sectional data. Table 
3.1 illustrates the distribution of individuals from the same birth cohort, across different 
periods of observation. Birth cohorts are then grouped into five-year intervals so that the 
respondent’s age can no longer be exactly determined by their year of birth. Grouping 
those born within five years of one another is theoretically justifiable because those who 
are born in close time proximity to one another still experience similar life events at the 
same periods of historical time. The first and last birth cohorts include births across a 
slightly wider range of years in order to ensure adequate sample size within each birth 
cohort, as well as to ensure that each birth cohort is distributed between at least two 
periods of observation. The “1940” birth cohort includes births from 1937 to 1944, the 
“1985” birth cohort includes births from 1985 to 1995, while the remaining birth cohorts 
represent five-year intervals in the years between (i.e. 1945-1949, 1950-1954, …, 1980-
1984). The 2004 DHS survey was actually implemented over a two-year time span, with 
some respondents interviewed in 2004 and others in 2005. I take advantage of this 
additional variation in period of observation by estimating period effects for both 2004 
and 2005, increasing the total number of periods of observation to six in total. Age is 
modeled as a quadratic in order to transform its relationship to period and cohort into one 
that is non-linear, as suggested in previous studies addressing the APC identification 
problem (Mason and Winsboro 1973; Yang and Land 2006). Age is also centered on the 
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grand mean (28.3 years) for ease of interpretation, as well as to reduce the association 
between age and age squared. 
I implement CCREM/HAPC logistic models using SAS PROC GLIMMIX. Age 
estimates are fixed effects and periods and birth cohorts are estimated as random effects. 
Fixed effects estimations of periods and cohorts are also possible but this would limit the 
estimation of period and cohort effects to being fixed and may result in collinearity and 
downwardly biased standard errors (Yang and  Land 2006). Multilevel mixed-effects 
cross classified regression models are used in order to adjust for the probability that some 
of the effects are not fixed, but vary randomly according to period of time and birth 
cohort (Yang and  Land 2006). This specification assumes that individuals are nested 
within their birth cohort, as well as their period of observation. Individual level data 
comprise the level one observations in the hierarchical model, and the cohorts and 
periods make up the level two observations. Periods and cohorts are cross-classified, 
meaning that neither are nested within the other but rather, they represent two different 
level two variables (Raudenbush and Bryk 2002; Snijders and Bosker 1999). This 
specification allows the level-1 intercepts to vary randomly by cohort and period, but not 
the level-1 slopes. The specification of variability in HIV/AIDS prevention knowledge is 
as follows:  
Level-1 model:   𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒!"# = 𝛽!!" + 𝛽!𝐴𝑔𝑒!"# + 𝛽!𝐴𝑔𝑒!"#! + 𝛃𝒙𝐗𝒊𝒋𝒌 + 𝑒!"# 
     with    𝑒!"#   ~  𝑁(0,𝜎!)    (1) 
Level-2 model:    
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𝛽!!" = 𝛾! + 𝑢!! + 𝑣!! 
  with    𝑢!!~  𝑁 0, 𝜏! , 𝑣!!~𝑁(0, 𝜏!)   (2) 
Combined model: 
        𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒!"# = 𝛾! + 𝛽!𝐴𝑔𝑒!"# + 𝛽!𝐴𝑔𝑒!"#! + 𝛃𝒙𝐗𝒊𝒋𝒌 + 𝑢!! + 𝑣!! + 𝑒!"#       (3) 
where 𝐾𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒!"# is knowledge of abstinence or condom use as a means of reducing 
HIV/AIDS risk for the ith participant for i = 1, …, njk individuals in the jth period of 
observation for j = 1, …, J periods and the kth birth cohort for k = 1, …, K cohort, 
modeled as a function of age, age-squared and a vector of other control variables, 𝛃𝒙𝐗𝒊𝒋𝒌, 
including respondent’s gender, type and region of residence, and the respondent’s 
education level. 𝛽!!" is the intercept, or the mean individual knowledge for a respondent 
surveyed in year j and belonging to birth cohort k. 𝛽!, 𝛽! and 𝛃𝒙 are the level-1 fixed 
effects and 𝑒!"#   is the random individual effect which is assumed to be normally 
distributed, with mean zero and within-cell variance 𝜎!. The model intercept, or grand 
mean of the outcome is 𝛾!. The residual random effect of period j, averaged over all birth 
cohorts is 𝑢!!, which is assumed normally distributed with mean zero and variance 𝜏!. 
The residual random effect of cohort k, averaged over all periods of observation is  𝑣!!, 
which is assumed normally distributed with mean zero and variance 𝜏!.  
 
Results  
Descriptive statistics are shown in tables 3.2 through 3.4, and figures 3.1 through 
3.3. Table 3.2 shows basic characteristics of the data, aggregated across all periods and 
years of birth. There are a total of ten birth cohorts and six periods of observation used in 
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this analysis. In the sample, 69 percent of respondents said that a person can abstain from 
sex in order to avoid getting the AIDS virus and 59 percent said that a person can use 
condoms in order to avoid getting the AIDS virus. 86 percent of the sample knows that a 
healthy looking person can have AIDS but 27 percent believe that one can get AIDS 
through mosquito bites. Figure 3.1 shows the age distribution of responses to the four 
outcome variables, Figure 3.2 shows the distribution across birth cohorts, and Figure 3.3 
shows the distribution across survey periods. Only small variations in the outcomes are 
observed across age, although overall there is a slight increase in identifying that 
abstinence reduces AIDS risk (67% at age 15 to 74% at age 54), and that a healthy 
looking person can have AIDS (79% at age 15 to 89% at age 54), while there is a slight 
decrease in accurate knowledge that AIDS cannot be transmitted through mosquito bites 
(24% at age 15 to 34% at age 54). Age patterns in knowledge that condom use reduces 
AIDS risk increases at early adult ages then decreases again at later adult ages. Figure 3.2 
shows much clearer patterns across birth cohorts, with more accurate information being 
reported among younger cohorts on all four outcomes. Similar patterns are observed 
across period of time, with more accurate information being reported in later periods of 
observation. The most modest change over time is in increases in accurate knowledge of 
whether a healthy looking person can have AIDS (74% in 1992 to 88% in 2010).31 
Tables 3.3 and 3.4 show the distribution of responses to the outcome variables 
across periods of observation and birth cohorts. Table 3.3 shows these distributions for 
abstinence and condom use knowledge as prevention tactics. It is quite clear that period 
                                                
31 1996 was excluded for belief that AIDS can be transmitted through mosquito bites because the question 
was asked differently in this year making it incompatible with other periods of observation. 
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effects dominate over cohort effects in these descriptive tables for both outcomes, 
although there is some evidence of modest cohort differences as well. Interestingly, it 
seems as though later birth cohorts are slightly less likely to say that abstinence is a 
legitimate means of preventing HIV, but slightly more likely than earlier birth cohorts to 
believe that condom use is a reasonable way to prevent HIV. Table 3.4 shows period by 
birth cohort distributions for knowledge of a healthy looking person being able to have 
AIDS and belief that AIDS can be transmitted through mosquito bites. There are modest 
but clear period and cohort patterns of knowledge that a healthy looking person can have 
AIDS. Knowledge has increased over time, but interestingly, later birth cohorts are less 
likely to know this is true than earlier birth cohorts. The belief that AIDS can be 
transmitted through mosquito bites also shows strong patterns across period of time, but 
there is little evidence of any cohort patterns. 
The results of the CCREMs for all outcomes are reported in table 3.5. The overall 
significance of period and cohort effects is demonstrated through the variance 
components. For all outcomes, there are weak but consistent evidence of period trends in 
increased HIV knowledge, net of cohort and age effects, although these trends have low 
statistically significant (p-value = 0.057 for abstinence and condom use, p-value = 0.062 
for healthy person, and p-value = 0.79 for mosquito bites). None of the outcomes show 
an overall significant cohort trend in knowledge, net of period and age effects, except for 
knowledge of condom use as a prevention method which is only marginally significant 
(p-values = 0.157, 0.071, 0.101, and 0.133 respectively). While controlling for period and 
cohort effects, knowledge of both abstinence and condom use as an HIV/AIDS 
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prevention method increases significantly with age, as well as knowledge that a healthy 
looking person can have AIDS.  
The random effects from table 3.5 are transformed into predicted probabilities in 
figures 3.4, 3.5, 3.6 and 3.7, holding all other variables at their means. Figure 3.4 shows 
trends in age, period and cohort effects on knowledge of abstinence as a means of 
protecting against HIV/AIDS. The plot for change in knowledge according to birth cohort 
shows little variation. The predicted probability of knowing that abstinence is an effective 
means of preventing HIV/AIDS is around 69 to 72 percent for all birth cohorts between 
1940 and 1985. The period trend in knowledge of abstinence as a means of HIV/AIDS 
prevention is quite different, showing an increase in knowledge from 1992 to 2010. Most 
notably, there was huge increases between the years 1996 and 2000, changing from 
around 27 percent of adults in 1996 knowing that abstinence is an effective means of 
avoiding HIV/AIDS, to almost 70 percent of adults in 2000. The increase in knowledge 
of abstinence as a prevention method after the year 2000 continued to be steady but 
modest, reaching a high of about 80 percent of adults in 2010 being aware of abstinence 
as an effective means of avoiding HIV/AIDS. There is also a steady increase with age in 
awareness of abstinence as a way to avoid getting HIV/AIDS. Around 67 percent of 15 
year olds in Malawi know that abstinence can help a person avoid getting HIV/AIDS, 
which steadily increases to around 75 percent of 54 year olds being aware of abstinence 
as an effective prevention strategy.   
Figure 3.5 shows trends in age, period and cohort effects on knowledge of 
condom use as an effective means of avoiding HIV/AIDS. Similar to the results for 
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knowledge of abstinence as a prevention method, trends in knowledge of condom use as 
a prevention method across birth cohorts show little variation. The predicted probability 
of knowing that condoms reduce HIV/AIDS risk wavers between 58 to 64 percent across 
birth cohorts, with a slight decrease in the youngest birth cohort. The period trend in 
knowledge of condoms as a means of HIV/AIDS prevention increases significantly over 
time from only approximately 15 percent of the sample being aware of the benefits of 
condoms in 1992 and nearly 75 percent having knowledge of condoms as an effective 
means of preventing HIV/AIDS risk by the year 2010. There is again a large jump 
between 1996 and 2000, from 29 percent awareness to almost 60 percent reporting 
knowledge of condoms as AIDS prevention. There is also a steady but modest curvilinear 
pattern in knowledge of condoms as a prevention tactic over age, moving from 55 percent 
reporting condom efficacy among 15 year olds, peaking around 61 percent between 29 
and 33 years of age and then declining to approximately 47 percent by the age of 54. 
Figure 3.6 reports predicted probabilities across age, period and cohort for 
knowledge that a healthy looking person can have AIDS. Trends across birth cohorts are 
largely flat, while there is an increase from 83 percent to 91 percent across periods of 
observation in reported knowledge that a healthy looking person can have AIDS. Age 
patterns show a slight increase, ranging from 82 percent to 90 percent, with a slight 
decline at older ages, although the lowest percentages are among the youngest 
individuals. Figure 3.7 reports predicted probabilities across age, period and cohort for 
believing that AIDS can be transmitted through mosquito bites. Age and birth cohort 
variation are both fairly flat, while period trends in knowledge are quite strong, with more 
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people reporting accurate knowledge in later periods of observation. Only 23 percent of 
2010 respondents reported that AIDS is transmittable through mosquito and other insect 
bites as compared to 58 percent of 1992 respondents. 
 
Discussion 
Knowledge of both abstinence and condom use as a means of avoiding 
HIV/AIDS, knowledge that a healthy looking person can have AIDS, and knowing that 
HIV cannot be transmitted through mosquito and other insect bites have predominantly 
increased in Malawi through period effects, meaning that HIV prevention knowledge has 
increased over time in Malawi even after taking into account differences in age and birth 
cohort. There is little evidence of cohort effects on knowledge acquisition and uptake in 
Malawi, although there might be slightly less knowledge among the very youngest 
cohorts (and ages), indicating that as younger cohorts come of age they are still in need of 
good information and practical prevention tactics. There are increases over age in 
knowledge of abstinence, and curvilinear age patterns of knowledge of condom use and 
knowledge that healthy looking people can have AIDS. Although individuals did, in 
general, know more as they got older, this increase with age in prevention knowledge did 
not differ according to year of birth and the magnitude of the effect was smaller than 
period effects on HIV prevention knowledge.  
The overall level of awareness in abstinence versus condom use as a means of 
avoiding HIV/AIDS differed slightly, with abstinence being cited as a means of avoiding 
HIV/AIDS about 15 percent more often in 1992 and about 5 percent more often by 2010. 
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This result is not entirely surprising. In Malawi there is a fair amount of skepticism, 
uncertainty and misconception about the effectiveness of condoms (Bowie 2007), as well 
as the lack of practical use among married couples and other long term relationships in 
which consistent condom use is both difficult to maintain and not desired (Potts et al. 
2008; Watkins 2004). Because of this, we would expect the acceptance of condoms to lag 
slightly behind acceptance of other means of preventing HIV.  
Even though period effects “win out” over age and cohort effects, there are still 
likely large variations in knowledge that may still trump the period effect in the sense that 
inequality in knowledge, beliefs or access to information may exist between groups at 
any given period of time. To examine these differences, CCREMs were also run 
separated by level of education, and rural versus urban residency (results not shown; 
some results limited due to smaller than necessary sample sizes). Results indicate that 
less educated respondents are generally less likely to report correct knowledge, as well as 
rural residents of Malawi. 
The observed increases in HIV knowledge began in the late 1990’s, which was 
slightly prior to the implementation of large-scale prevention efforts and campaigns in the 
early 2000’s. However, this timeframe is consistent with the political changes that 
occurred when Malawi elected a new president in 1994 who was more proactive about 
HIV prevention efforts. In the 1998 Malawi Longitudinal Study of Families and Health 
(MLSFH), 75 percent of respondents had already heard about how people can protect 
themselves against AIDS at either a clinic or hospital, on a radio program or through a 
home visit from a community health program or health surveillance system. This is also 
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consistent with the peak of the epidemic in Malawi: in 1994 the annual incidence rate 
was estimated to be approximately 3 percent among adults between the ages of 15-49 and 
in 1999 between 14 and 16 percent of the adult population was HIV positive (UNAIDS 
2008; UNAIDS 2012a). In the 2001 Malawi Longitudinal Study of Families and Health, 
respondents reported attending an average of 4.4 funerals in the month prior to interview, 
and in the 1998 survey respondents report knowing an average of 12 people whom they 
believe had died from AIDS. Overall, the timing of the reported changes in HIV 
transmission and prevention knowledge found in this study are consistent with the idea 
that individuals and communities were well aware of the risks of AIDS, witnessing 
deaths and sharing basic important information about transmission and prevention, well 
before large scale efforts were implemented. It also seems as though the scale of the 
epidemic may have been so large and devastating to individuals and communities that it 
led to fairly even awareness and acceptance of the benefit and need for prevention and 
changes in normative sexual behavior over this period of time, regardless of someone’s 
age or birth cohort. 
There could be a difference between knowledge and belief of efficacy in practice 
for HIV prevention tactics such as abstinence and condom use. Previous research has 
indicated that individuals in Malawi have been well aware of the usefulness of abstinence 
and condom use in preventing the transmission of AIDS and other STI’s for quite some 
time, but the usefulness of tactics such as abstinence or condom use were simply not 
practical (Potts et al. 2008; Watkins 2004). For example, married individuals are not 
likely to use either abstinence or condoms, especially those who are of childbearing age 
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with fertility goals. In reality behavioral changes that Malawians probably adopted more 
frequently were careful partner selection, fewer concurrent or multiple partnerships, and 
divorce of a cheating spouse or a spouse suspected of risky behavior (Potts et al. 2008; 
Schatz 2005; Trinitapoli 2011; Watkins 2004). I also want to be clear that in this paper I 
do not mean to imply that the changes in HIV prevention knowledge reflect 
corresponding changes in behavior, but that related behavioral practices might be 
influenced by these changes in knowledge, or acceptance of knowledge and recognition 
of the need for prevention tactics. 
An important limitation of this study to address is that age-period-cohort 
estimates are, by their nature, imperfect approximations of the substantive meaning that 
researchers are attempting to capture in these estimations. There have been criticisms of 
the specific age-period-cohort model used in the analysis as well, the CCREM developed 
by Yang and Land (Bell and Jones 2014). Bell and Jones (2014) use simulations to show 
that under certain conditions, using incorrect assumptions about the meaningfulness of 
cohort differences, that the estimates in CCREM of APC can be biased. Several 
researchers also find fault with the entire logic of APC estimations, saying that waiting 
for a solution to the age-period-cohort estimation problem is like “waiting for Godot”  
(Smith et al. 1982). The essential logic behind such criticisms is that the dependencies 
between APC are dependencies of the underlying processes, meaning that the effects of 
APC are intertwined in the real world. Therefore, solutions to the mathematical problem 
of simultaneous estimations are not real solutions because the data will always 
necessarily be dependent in an unsolvable way – most “solutions” are just attempts to get 
122 
 
around the problem but do not true solutions to the problem (Bell and  Jones 2014; 
Fienberg 2013; Smith et al. 1982). I would argue that although the critics make good 
points, the APC estimation of repeated cross-sectional data used in this analysis is an 
interesting and useful exception to the typical problem specifically because of it’s use of 
synthetic birth cohorts and nested effects to estimate APC models. Fienberg (2013) even 
gave a very small concession to the potential usefulness of Yang and Land’s method 
under certain conditions. Furthermore, the usefulness of this method as a solution to APC 
estimations depends on the question being asked. In this analysis, the goal is to document 
trends in APC effects on HIV prevention and transmission knowledge in a more nuanced 
form to add to the already known period effects in knowledge uptake. The data was 
presented descriptively in detail in order to broaden our understanding of how these 
processes are interrelated in addition to CCREM estimates presented, and to ensure that 
there were no broad inconsistencies between descriptive information and the main 
analysis. I believe that this analysis, on the whole, provides more information and is a 
useful, worthy and accurate exercise given consistencies between descriptive patterns and 
the CCREM estimations. 
 
Conclusion 
This research has shown the dominance of period trends over cohort or age trends 
in uptake of HIV prevention knowledge. This is good news in that trends in access and 
acceptance of information do not differ for different groups of people, at least according 
to age or birth cohort. The fact that birth cohort trends in HIV risk prevention knowledge 
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were not found indicates that regardless of age when HIV prevention information became 
available and/or acceptable on a large scale to the general population in Malawi, 
Malawians received the information in a way that was accepted and embraced by a large 
part of the population. Ultimately, this may be a success on the part of organizations 
seeking to communicate information that will benefit the recipients and decrease the 
spread of HIV, or alternatively, this is a sign that with the increasingly devastating 
number of deaths from AIDS witnessed by everyone in the country, Malawians have 
embraced prevention as a necessity (Watkins 2004). In either case, this study has 
informed an interesting element of HIV prevention: access to and acquisition of new 
knowledge and how knowledge uptake may change across generations, across ages and 
across periods of time. These findings may also be of interest to those interested in the 
process of shifting social norms and debates about age-period-cohort estimations.  
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Table 3.2. DHS Malawi Combined Cross-Sectional Data, 1992-2010 
      N 
Mean / 
Percent SD Min Max 
Outcomes: 
      What can a person do to avoid getting AIDS? 
    
 
Abstain from sex 72,071 0.69 0.46 0 1 
 
Use condoms 72,099 0.59 0.49 0 1 
        Can a healthy looking person have 
AIDS? 71,809 0.86 0.35 0 1 
        Can you get AIDS from mosquito bites? 59,105 0.27 0.44 0 1 
        Group Variables: 
     
 
Period - Survey year 6 
  
1992 2010 
  Cohort - Five-year birth cohorts 10     1940 1985 
Independent Variables: 
     Age 
 
72,807 28.31 9.68 15 54 
Male 
 
72,807 0.24 0.43 0 1 
Type of Residence 72,807 
    
 
Rural 
  
0.80 
   
 
Urban 
  
0.20 
   Region 
 
72,807 
    
 
North 
  
0.18 
   
 
Central 
 
0.35 
   
 
South 
  
0.47 
   Education 
 
72,807 
    
 
No education 
 
0.19 
   
 
Incomplete primary 
 
0.54 
   
 
Complete primary 
 
0.10 
   
 
Incomplete secondary 
 
0.11 
   
 
Complete secondary 
 
0.05 
     Higher     0.01       
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Table 3.3. Cohort by Period distribution of outcomes 
Panel A. Percent identifying abstinence reduces AIDS risk 
   
Period 
   Cohort 1992 1996 2000 2004 2005 2010 
1940 22.81 36.62 
    1945 29.28 38.43 81.58 
   1950 26.99 30.94 70.31 89.29 97.56 
 1955 31.68 29.61 70.37 78.62 82.97 82.88 
1960 26.65 27.34 70.47 79.29 80.86 82.22 
1965 30.39 26.59 70.82 77.32 80.94 80.39 
1970 26.35 28.02 69.29 77.76 79.63 81.47 
1975 26.73 32.64 68.13 78.13 80.54 81.33 
1980 
 
37.7 64.65 74.75 80.49 81.26 
1985 
  
65.43 74.2 79.56 78.01 
       N 5,773 5,085 16,301 11,274 3,671 29,967 
Panel B. Percent identifying condom reduces AIDS risk 
   
Period 
   Cohort 1992 1996 2000 2004 2005 2010 
1940 10.09 36.62 
    1945 9.48 38.43 58.55 
   1950 11.71 30.94 48.65 61.43 53.66 
 1955 13.36 29.61 51.82 52.32 45.85 73.97 
1960 12.24 27.34 53.97 54.4 59.74 68.47 
1965 16.42 26.59 56.35 54.36 61.88 71.27 
1970 14.52 28.02 56.94 58.58 60.65 72.98 
1975 6.94 32.64 62.63 61.26 63.67 74.14 
1980 
 
37.7 59.98 64.24 66.78 76.4 
1985 
  
48.51 59.72 59.4 72.41 
       N 5,773 5,085 16,311 11,274 3,671 29,985 
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Table 3.4. Cohort by Period distribution of outcomes (continued) 
Panel A. Percent identifying that a healthy looking person can have AIDS 
   
Period 
   Cohort 1992 1996 2000 2004 2005 2010 
1940 70.61 88.57 
    1945 66.39 87.92 91.45 
   1950 69.76 85.51 84.92 87.77 92.68 
 1955 75.98 86.1 87.75 82.74 89.47 92.83 
1960 78.52 89.44 88.03 84.51 87.09 88.45 
1965 76.38 90.29 88.42 85.5 90.32 89 
1970 76.92 88.61 88.94 87.54 88.11 89.04 
1975 66.33 85.46 88.69 86.13 88.03 89.89 
1980 
 
79.05 85.34 85.32 88.32 90.73 
1985 
  
81.45 80.08 80.83 86.21 
       N 5,773 5,106 16,151 11,140 3,649 29,989 
Panel B. Percent believing AIDS can be transmitted through mosquito bites 
   
Period 
   Cohort 1992 1996 2000 2004 2005 2010 
1940 58.33 
     1945 60.41 
     1950 60.55 
 
22.67 20 
  1955 55.19 
 
24.91 27.7 21.14 25.77 
1960 56.22 
 
21.02 24 28.87 25.55 
1965 56.04 
 
22.22 26.08 20.68 25.87 
1970 64.17 
 
21.33 25.9 27.69 24.12 
1975 63.79 
 
23.2 25.27 19.67 23.53 
1980 
  
22.17 25.19 20.38 24.21 
1985 
  
19.9 22.26 18.83 22.39 
N 5,775 0 12,303 8,257 2,765 30,005 
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Table 3.5. HAPC-CCREMs of HIV Prevention Knowledge in Malawi, DHS 
1992-2010 (continued on next page) 
  
Can 
abstain  
to avoid 
AIDS 
Can use 
condoms 
to avoid 
AIDS 
Healthy 
looking 
person can 
have AIDS 
Can get 
AIDS from 
mosquito 
bites 
Fixed Effects:         
Intercept -0.096 -0.777  0.792** -0.783 
Age (centered)  0.012***  0.005*  0.027***  0.002 
Age-squared 
(centered) -0.000 -0.001*** -0.002*** -0.000 
Male  0.353***  0.469***  0.542***  0.041 
Rural (urban) -0.091*** -0.085*** -0.495***  0.394*** 
Region (north) 
    
 
Central 0.085*** -0.014 0.691*** -0.255*** 
 
South 0.459***  0.649***  1.061*** -0.420*** 
Education (no education) 
   
 
Some primary 0.324*** 0.405*** 0.656*** 0.002 
 
All primary 0.573*** 0.582***  1.180*** -0.211*** 
 
Some secondary 0.708*** 0.691***  1.547*** -0.668*** 
 
All secondary 0.737*** 0.587***  1.907*** -1.392*** 
 
Higher 0.887*** 0.589***  2.092*** -1.633*** 
Random Effects:          
Period 
    
 
1992 -1.385** -1.729*** -0.495*** 1.265*** 
 
1996 -1.489** -0.863* -0.060 - 
 
2000  0.311  0.427  0.244* -0.381 
 
2004  0.740  0.502 -0.011 -0.257 
 
2005  0.927*  0.548  0.053 -0.344 
 
2010  0.896†  1.115*  0.269* -0.283 
Cohort     
 
1940 -0.045 -0.001 -0.069 -0.007 
 
1945  0.013  0.031 -0.197*  0.000 
 
1950 -0.015 -0.062 -0.147* -0.003 
 
1955  0.010 -0.067  0.043 -0.004 
 
1960  0.006 -0.065†  0.081 -0.039 
 
1965  0.016 -0.025  0.072 -0.012 
 
1970  0.036 -0.000  0.150**  0.007 
 
1975  0.048†  0.078*  0.070  0.031 
 
1980 -0.010  0.147***  0.066  0.050† 
 
1985 -0.059† -0.035 -0.069 -0.024 
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Table 3.5. (continued)         
Variance Components     
  Period  1.289† 1.143† 0.078† 0.504† 
Cohort  0.002 0.007†  0.017  0.002 
Model Fit         
-2LPL 330,977.4 322,834.6 373476.2 271701.4 
Chi-squared  72,386.6 72,324.8 71890.19 59199.61 
N   72,071 72,099 71,809 59,105 
Notes: reference groups are in parenthesis; two-tailed test; †p<0.10; *p < 0.05; **p < 0.01; 
***p < 0.001. 
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Fig 3.4. Predicted probability of knowledge that abstinence reduces AIDS risk 
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Fig 3.5.  Predicted probability of knowledge that condom use reduces AIDS risk 
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Fig 3.6.  Predicted probability of knowledge that a healthy looking person can have AIDS 
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Fig 3.7.  Predicted probability of reporting AIDS transmittable through mosquito bites 
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